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TL =E f(x) et CE f(r-x) 


avec (1), >1 une suite monotone croissante, (C,), >1 une suite monotone 
décroissante, 


29 On montre, à l'aide des propriétés arithmétiques des deux suites. qu'il existe 
une grandeur À telle que pour tout n, 1, < À < C,. 


3° On montre également que 


(C1) = 5 (f- ia -x) 


tend vers zéro pour une suite donnée de subdivisions de l'intervalle en sous- 
intervalles de plus en plus petits; et par conséquent lim C, — 


puisque ce sont deux suites adjacentes. 


49 On montre par réduction à l'absurde que À — L, démonstration qui sous 
entend les propriétés discutées ci-dessus. Encore ne faut-il pas oublier que tout 
ceci est fait seulement dans le cas particulier des fonctions continues monv- 
tones; ce qui exclut toute interprétation anachronique de la méthode d’Ibn 
al-Haytham, et notamment des sommes intégrales utilisées. 


Tels sont donc en fait les résultats et la méthode d'Ibn al-Haytham dans 
le Traité sur la Mesure du Paraboloïde. Un acte simple, mais jamais accompli 
auparavant, celui de faire tourner la parabole autour de l'erdonnée, a non 
seulement soulevé un problème jusque là impensé, mais a exigé la refonte 
de la structure théorique elle-même; c'est ainsi qu'il faut comprendre la ré- 
flexion d’Ibn al-Haytham sur la méthode. Les difficultés techniques qu'aucun 
problème d'intégration n’avait jusqu'alors rencontrées se sont avérées théori- 
quement fécondes. Mais,pour juger à notre tour de l'ampleur de cette fécondité, 
attendons un prochain article dans lequel nous examinerons l'étude d'Ibn 
al-Haytham sur le volume de la sphère. Nous nous demanderons alors pour 
quelles raisons ces modifications, aussi importantes fussent-elles, n'eurent 
pourtant pas une portée révolutionnaire. 
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et 
LENS 
done 
v+i>V+u, 
d'où 


1,>V'; 


et ainsi il existe des solides inscrits dans le paraboloïde, plus grands que F': 
V' n'est done pas un majorant de {1,}. 


1 suppose ensuite V* > À V, et montre d’une manière analogue, mais 
en utilisant les propriétés de (Cy),>1, qu'il existe des solides circonserits au 
paraboloïde tels que 


C<V'; 


et ainsi qu’il existe des solides circonserits au paraboloïde, plus petits que V’, 
et donc que V'n'est pas un minorant de {C,}. Par conséquent aucune valeur 
VW! Z À V ne vérifie la double propriété indiquée. D'où la caractérisation 
de v(P) = ÿ V,et son unicité. 


Selon Ibn al-Haytham, ce serait une erreur de considérer la preuve par 
réduction à l'absurde comme la raison qui donne un sens réel à la détermin: 
tion de la mesure de ce volume. Ce sens est effectivement donné par les procédés 
de construction des sommes intégrales, puisque c’est grâce à celles-ci que l'on 
peut calculer la mesure — aire ou volume — cherchée, et démontrer son unicité. 
Position en quelque sorte “intuitionniste” avant la lettre, qui a infléchi la 
méthode en un sens beaucoup plus arithmétique qu'auparavant. Et de fait 
Ibn al-Haytham na pas seulement introduit beaucoup plus massivement que 
ses prédécesseurs des suites arithmétiques (jusque là ignorées pour certaines 
d'entre elles), dont il a exploité les propriétés arithmétiques en vue de la dé- 
termination du volume; il est également allé contre la règle de l’homogénéité 
des grandeurs; on peut en effet aisément vérifier qu’il n'a point hésité, au cours 
de son exposé, devant la représentation d’une grandeur, aussi bien que de 
son carré ou son cube, par un segment de droite, 

Cette méthode est en fait une version infléchie de la méthode d’exhaustion, 
et nous en donnons un résumé selon l’ordre suivi par Ibn al-Haytham lui- 
même, mais en des termes bien différents: 


1° On considère d’abord une subdivision; 


fi etfi respectivement la borne inférieure et la borne supérieure de f' sur 
(CTEZNE 
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effet mené en des termes suffisamment généraux pour être transposable en 
des situations analogues. Ainsi, en quelques phrases d’une extrême concision, 
Ibn al-Haytham dégage l'idée qui justifie en ce domaine le recours au rai- 
sonnement par l'absurde. Nous pouvons, sans réduire en rien la portée générale 
du raisonnement, nous restreindre à la deuxième espèce de paraboloïde, L'idée 
estla suivante: À V'est le plus petit majorant de l'ensemble {1,} des valeurs 
de la suite monotone croissante (1,), >1,et le plus grand minorant de l’ensem- 
ble {C,} des valeurs de la suite monotone décroissante (C,),>1; et elle est 
la seule valeur qui possède cette propriété. Ibn al-Haytham n'a certes pas 
formulé son idée dans de tels termes, mais tout est présent pour qu'une telle 
traduction soit permise. Ici, il affirme explicitement que pour tout n,on a 


L<iV et SV<C,: 


mais ilavait déjà montré que: 
pour tout & > 0, ilexiste N tel que pour n > NN, on ait 


hV-L<ee C-iV<e. 


Ainsi u(P) apparaît comme le plus petit majorant de (1) et le plus grand 
minoraut de (C,). Il montre alors que cette double propriété caractérise 
v(P). Pour cela, il procède de la manière suivante: 

Soit V° 2 À V, et vérifiant la propriété donnée; supposons d'abord que 
V'< x V. Ilexiste donc x > 0 tel que 


Vtn= Vi 
or, pour tout « > 0, ilexiste N tel que pour n > N, on ait 
CELA 
ñ 
mais 
v< Vos 
d'où 
<e, 


done, pour e = milexiste Nitel que pour n > N,, on ait 
V'+u<r V. 

Mais on a montré précédement que pour tout n 
F+iI=EV, 
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1-3. Méthode apagogique et “intégration” 

Une fois achevées ses recherches sur le paraboloïde, et une fois le problème 
entièrement résolu, Ibn al-Haytham conclut son Traité sur l'examen d'un 
point de méthode. Et de fait, il arrive souvent à cet éminent mathématicien— 
physicien de traiter de problèmes de philosophie mathématique — ainsi par 
exemple dans son important mémoire sur l'analyse et Ja synthèse —, ou, selon 
sa bibliographie, de questions de philosophie de la physique, ou bien encore 
de thèmes de philosophie générale. Rien de tel ici cependant: ce n’est ni la 
philosophie du savant, ni celle du philosophe, qu'Ibn al-Haytham expose 
dans ce Traité, mais une réflexion interne aux mathématiques elles-mêmes. 
L'auteur, il est vrai, évoque des préoccupations didactiques: il craint en effet 
que le contenu du raisonnement échappe à un lecteur insuffisamment averti 
et pénétrant, qui n’en retiendrait que la forme, en privilégiant ainsi la preuve 
par reductio ad absurdum aux dépens des idées du phénomène; or seules ces 
dernières sont véritablement fondatrices de l'ensemble de la méthode, y 
compris de la dite preuve. Séparée de ces idées. la preuve risque en effet, aux 
yeux d’un tel lecteur, de se réduire à une pure forme, susceptible d’épouser 
indifféremment, et done sans raison, plusieurs contenns différents, et par 
conséquent d’engendrer la pernicieuse illusion de valoir aussi bien pour d’autres 
solutions que celles effectivement trouvées: } V dans le premier cas, à VW 
dans l’autre, 

Devant un semblable risque, Ibn al-Haytham a choisi, selon ses propres 
dires, d'engager une clarification des moyens de la preuve, en élucidant le 
rapport de la forme de la démonstration aux idées du phénomène; ou, pour 
parler le langage de l'époque, “la cause grâce à laquelle s’est parfaitement 
réalisée la démonstration” üu 4 &L gi il, ; ou bien encore “le concept 
qui a produit la démonstration” ob al il ai . Ainsi par exemple, 
dans le cas du paraboloïde, il s'agit de déterminer avec rigueur la principale 
raison qui fait que son volume est égal à 3V - à À V si l'on considère le 
deuxième cas —, et égal à cette valeur seulement. C’est là le vrai motif d’Ibn 
al-Hayÿtham, peut-être suscité par l'exigence d’une restructuration des concepts 
qui ne pouvait que déplacer le regard du mathématicien pour l'orienter non 
plus simplement sur la technique mathématique, mais aussi sur les rapports 
qu’elle entretient avec la configuration conceptuelle à laquelle elle se réfère. 

Cette tâche de clarification s'exprime d'abord dans la rédaction d'un 
exposé, certes court, mais qui offre néanmoins l'intétêt de manifester la véri- 
table pensée d'Ibn al-Haytham, sa version de la méthode d’exhaustion, Il 
nous permet en outre de connaître les raisons pour lesquelles Jbn al-Haytham 
a jugé, sans ambiguité aucune, que cette méthode est à la fois apodictique et 
heuristique. C’est également cette tentative d'élucidation conceptuelle qui 
confère à un exposé centré sur le paraboloïde une allure générale. Il est en 


IBN AL-HAYTHAM ET LA PARABOLOÏDE 203 


Soient D, Si, .…., S, 1, So les disques horizontaux centrés sur BC dont 
les carrés des rayons sont respectivement (àn*+ !n) KA, (n2-13)? k? hé, 
ce, RE hh et W, Pis Win Wo les cylindres correspondants de 
hauteurs égales à k. Il vient 


d’où 


avec v, la somme des volumes des parties intérieures des solides d'encadre- 


ment, Mais on a montré que F, = À = xkhnt, 


d'où 
Em r(nt- in)kps 
n Li] K 
donc 
gnt- gn 
_jattgn 


On montre facilement que Si u,s1, v,y1 correspondent à la (n + 1) ième 
subdivision, alors on a 


ce que fait Ibn al-Haytham. 
Il montre en effet que 


4 (n+1)-5 (n +1) pate ns 
HE) 2 ne ge PER 


Il n'a cependant pas démontré une expression équivalente à lim Ÿ* 


=t, 
peut-être est-ce en raison de l’étroite dépendance d'une telle notion à l'égard 
d'une autre langue; peut-être aussi parce qu’il s'intéresse essentiellement à 
l'allure de la variation du rapport: la croissance. Il serait cependant sur- 
prenant qu’il n'en ait pas eu, au moins intuitivement, l'idée. 
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équivalent" à celui de l'intégrale définie 
b 


b 6 [2 
u(P) = [rer f rlebdy - [rreera+ [rest 
n û ‘ û 


ce qui implique notamment un calcul du dernier terme au moyen d’une éva- 
luation de la somme des puissances quatrièmes des n premiers entiers naturels. 
De tels résultats ont généralement été attribués aux mathématiciens de la 
première moitié du XVIème siècle? 

Tbn al-Haytham ne s'arrête pas là. ]] se tourne à nouveau vers les petits 
solides d'encadrement, afin d'étudier leur comportement lorsqu'on augmente 
indéfiniment les points de la subdivision. Nous nous trouvons cette fois en 
présence d'une pensée franchement infinitésimaliste, et en quelque sorte 
fonctionnelle, dans la mesure où l'enjeu du problème est explicitement le 
comportement asymptotique d'êtres mathématiques dont on cherche à dé- 
terminer la variation. Expliquons quelque peu le parcours d'Ibn al-Haytharo. 
Il veut montrer que le rapport de la somme des parties extérieures de ces 
petits solides d'encadrement à la somme des parties intérieures croît lorsqu'on 
augmente indéfiniment le nombre des points de la subdivision. 


11 montre d’abord 


PE 
n 


avec F,la somme des volumes des petits solides d'encadrement, et V le volume 
du cylindre circonserit. Il établit ensuite d’après les lemmes arithmétiques 


que 


nl 
Ze = 5 (n-Dnt+ 


i=! 


d'où 
nl 


Cant+ + Din = à 


i=1 


ie Abhandiung über die Ausmessung des Paraboloïdes von el-Hasan b, el-Hasan 
b.eLHaitham'”, Biblicthecs Mothematica, III. Folye. XI1. Bd. (Leipzig, 1912), pp. 181-192. 


Voir également Jamäl al.Dabbagh, “nfinitesimal Methods of Ibn Al-Haïtham'*, Bulluin of he 
College of Science, 11 (1970), Baghdod, 8-17. 
3. CL. Kepler: Nova Stercometria doliorum vinariorum (Linz, 1615). Cavalieri  Exercitationes 


Geometricae Sex (Bologoa, 1647), IV, prop. 24. 
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Fig. 2 


mais, d’après l'inégalité (3), on obtient 
I<nV<c. 


Dans un langage différent de celui d'Ibn al-Haytham: comme la fonction 
&(y) = ky? est continue sur [0, 6], le caleul d’Ibn al-Haytham est équivalent à 


vPI= im D x EI QE-PP, 
Er 
avec v (P) le volume du paraboloïde de la deuxième espèce; d'où 


n 


vP)— lim Dr RG-20y7 +50) 


i=] 
donc 
b 
ROLE ATE 
® 
d'où 


v(P)= re b= Érab = EF, 


Il est donc clair que le caleul d’Ibn <l-Haytham est mathématiquement 
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29 possède une loi générale pour les sommes de n premiers entiers à une 
puissance quelconque, ainsi qu’on peut le vérifier en examinant ses 
démonstrations. 

S'il n’est pas allé plus loin que la dème puissance, c'est en raison de l'iné- 
galité que ces lemmes sont précisément destinés à établir. 


En éffet, la loi générale repose sur la formule suivante : 


" » “ > 
MODE = SERIE DIE), 
ki rent pol bel 
explicitement utilisée par Ibn al-Haytham. Il pouvait done calculer la somme 
des puissances des n premiers entiers pour n > 5. Mais Ibu al-Haytham n'a 
pas poursuivi le caleul, car il entendait seulement démontrer la double inégalité: 


@  Zn+-PF < 540 +t< Dm P, 
k=1 k=0 


elle-même destinée à la recherche du volume du paraboloïde de la deuxième 
espèce. Or, cette double inégalité n’exige que le calcul de la somme des puis 
sances quatrièmes des n premiers entiers naturels. 


Ainsi, tout est désormais en place pour la détermination du volume du 
paraboloïde engendré par la rotation de la portion de la parabole ACB d'équa- 
tion x — y? autour de l'ordonnée BC. À l'exemple d'Ibn al-Haytham, nous 
appellerons ce solide “paraboloïde de la seconde espèce”. 


Soit done (Y)!_, une subdivision de [0,b]en intervalles égaux, de longueur 
havec BC =b=—nh. 


Notons n—a-ab, pour Ü<i<n; 
ilvient r,= k(b2-y?) = kh?(n2- 
d’une manière analogue à ce qui précède, on a 


si 
L= D skh(n 


i=1 


et 


ni 


> rkhs(n-i), 
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Ibn al-Haytham s'attache ensuite à démontrer le même résultat dans le 
cas d'un paraboloïde engendré par une parabole dont les ordonnées ne font 
pas avec le diamètre un angle droit, autrement dit dans un système d’axes 
non orthogonaux. Il considère alors respectivement les deux cas où l'angle 
C<3 et C> 5. I revient alors, et c'est d'une extrême importance, sur les 
notions fondamentales déjà introduites, et notamment sur les sommes inté- 
grales. On remarque sans peine, à la lecture de cette analyse ou du texte même 
d'Ibn al-Haytham, que celui-ci ne cesse de souligner le rôle capital de ces 
sommes dans le calcul des volumes. Mais avant d'engager une discussion sur 
ces points essentiels, examinons l'autre espèce de paraholoïdes, ceux qui sont 
engendrés par la rotation d’une parabole autour de son ordonnée, 

C'est précisément pour caleuler le volume des solides de cette espèce qu'Ibn 
al-Haytham traite au commencement de son mémoire de la sommation des 
puissances des n premiers entiers successifs, et obtient des résultats qui font 
date dans l’histoire de la théorie des nombres, Ainsi, après avoir démontré 


il prouve d'une manière différente de celle d'Archimède dans Des Spirales: 


; 
Zé-nm+ D{n+p=im tintin. 


Il aborde ensuite la preuve de 


DB =n(n+1) An+ = nt m4 tn 
k=] 


et, pour la première fois dans l’histoire, il montre que 


D A=nu+ 4) Con +r)lnm +1)-1. 
k=t 
Il est hors de doute que Ibn al-Haytham 
1° procède par une induction complète un peu vieilliet, 


1. Voir R. Rashed: “L'Induction mathématique: al-Karajf, as-Samaw‘al,'" Archive for History 
ef Exact Sciences, 9 (1972), 1-21. 
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Maintenant, pour montrer que t(P) = 4V, Ibn al-Haytham suit la voie 
traditionnelle: 


19) Supposons at que v(P) > 4W, c'est-à-dire qu'il existe e > 0 tel quo 
“(P)-1V = 


Mais on a pour tout n 
v(P)-EV = (u(P)-1,) + (1-4). 
Mais, pour tout £ > 0, il existe N tel que pourn > NN, on ait 
v(P)-L<s, 


et 


I1,-3V<0, 


donc 


v(P)-3V<e, 
ce qui contredit l'hypothèse; done v(P) < 4V. 


20) Supposons ensuite w(P) < } V , c’est-à-dire qu'il existe « > 0 tel que 
4V-0P)= €. 


Mais on a pour tout 
4W-v(P)=(3V-C,) +(C,-v(P)). 


Mais, pour tout e > 0, ilexiste N tel que pour n > N, on ait 


C,-v(P)<e 
et 

4V-C,<0, 
done 

V—w(Ph< ec: 


ee qui contredit l'hypothèse, donc 
v(P) > 4V. 
De 15) et 26) on déduit v (P)— 4 V. 
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a) Jn-1) hr <4V. 
nl 
De même, posons C= Dirt -x) À, 
i=0 
avec K sup JU) fl), 
ERELTLINT 


puisque f'est croissante sur [0,a] ; donc 
" 
G= Drhri: 
i=t 
@) 
De (1) et (2) on déduit que 


SU+) hr > 4F. 


I.<iV<C,. 
Notons qu'Ibn al-Haytham montre que si 
==; 
et si on augmente le nombre des points de la subdivision (x)}.,,en ajoutant 


At ais 
2 


les points d’abscisses + avec 0 <i <n-l; ona alors une nouvelle 


subdivision (£)", ; 


Cu De = 


Ce procédé constructif lui permet de déduire que : 


Pour & > 0 quelconque fixé, on peut rendre la subdivision de [0,a] suf- 
fisamment fine pour avoir 


Cyco — Ten € © + 


Pour obtenir g(n) — le nombre des intervalles de la subdivision — il suffit en 
fait de réitérer la précédente construction p fois, pour p suffisamment grand, 
vérifiant 


d 
æ<e: 
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mais 
22 Lo , 
done 
ul 
Zr- 3101). 
ml 
Posons 
a 
Le Dr 
i=0 
il vient 
Le 
1,= Dh, 
il 
avec 
= inf f()= fl 
a Ai 
où HOERZES 


puisque f est croissante sur [0,a]. Il s'ensuit 
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1,< 3V<C, 


avec (1y)n>1 la suite des volumes des solides inscrits dans le paraboloïde, 
(Cy)n>: la suite des volumes des solides circonscrits, V le volume du eye 
lindre circonserit au paraboloïde, Dans le deuxième lemme, al-Qühi montre 
comment procéder pour rendre une subdivision suffisamment fine. Il prouve 
ainsi que si (x), est une subdivision du diamètre de la parabole — dont 
la rotation autour du diamètre engendre le paraboloïde — on peut ajouter 
LE, avec 0 <i m1, afin d'obtenir une nouvelle subdivi- 
sion, pour laquelle on a C',-1', = 3 (C,-1,), et qu'on peut réitérer le 
procédé un nombre de fois suffisamment grand. 

À l'aide de ces deux lemmes, al-Qühi montre finalement que le volume 
du paraboloïde de révolution est égal à la moîtié du eylindre circonserit, 

La méthode suivie par Ibn al-Haytham pour calculer ce même volume est, 
pour l'essentiel, équivalente à celle d'al-Qühi, à ceci près cependant qu'il 


complète sa démonstration, et qu'il comble les lacunes qu'elle pouvait com- 
porter. 


les points 


1-2. Le volume du paraboloïde selon Ibn al-Haytham. 


Dans son Traité, après cette introduction pour ainsi dire historique et les 
lemmes arithmétiques sur lesquels nous allons revenir, Ibn al-Haytham re- 
prend done le raisonnement d'al-Quhi pour montrer que le volume du para- 
boloïde de révolution est égal à la moitié du volume du cylindre. Résumons 
sa démonstration, mais dans un autre langage. 


Soit AB une portion d'une parabole d'équation ÿ* — kx, qui engendre 
une portion de paraboloïde P par la rotation autour de son diamètre AC. 
Prenons une subdivision (x)! en intervalles égaux de longueur h de 
Lx x, ], avec x, abscisse du point À, et x, abscisse du point C, x, < sis 
pour 0 <i <n—l,et n pair. Notons c, le point du diamètre AC d'abscisse 
#4 = cbipour 0 <i <n, v(P) le volume de la portion de paraboloïde, et 
V'eclui du cylindre circonserit. On pose AC = a et nh — 8. 


Il vient, d'après l'équation de la parabole 
R+ri,=kih+hk(niher, 
d'où 


re + Hu 


++, = (in-l)ris 
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Sur le Cercle et Sur la Sphère et le Cylindre, la mesure de la parabole et du 
paraboloïde. 

Archimédien au sens large, il ne peut cependant pas se conformer stric- 
tement au modèle; il Jui a donc fallu ouvrir d'autres voies. Aussi dans le premier 
texte sur la parabole lui il fallu 21 lemmes avant d'en donner l'aire; et 
c'est cette longueur de la solution qui a incité son petit-fils, Ibrähim b. Sinant 
à s'attaquer à nouveau au problème, pour ainsi réduire le nombre des 1emmes 
à deux seulement. Le cas est le même pour le paraboloïde, où il a fallu à Thäbit 
b.Qurra 35 lemmes avant d'atteindre son but. Or, c’est précisément cet aspect 
qu'al-Qühi dénonce, lorsqu'il écrit que ce livre: 

eat volumineux; il comporte beaucoup de propositions arithmétiques et géométriques, ainsi que 
d'autres encore. Les propositions atteignent le nombre de quarante environ. Toutes sont des 
lemmes et_une seule proposition, qui est: connaître la mesure du paraboloïde. Quand nous 
avons étudié cet ouvrage, le livre d'Archimède sur la Sphère a Le Cylindre, en dépit de sa difficulté 
et en dépit du fait qu'il contient plusieurs développements en géométrie, <nous a paru» se lire 
plus facilement que celui-ci, qui pourtant ne comporte qu'un seul développer 
paraboloïde, Aussi n'avons-nous rien pu en retenir, malgré la résolution qui était la nôtre, et 
eroyons-nous que tous ceux qui opt voulu le lire sont dans la même situation que nous, et ceci 
depuis le temps où il fut composé par Thäbit jusqu'à notre temps, Je veux dire que personne 
n'a rien pu retenir de ce livre, de même que nous n'avons rien pu en retenir. C'est pourquoi nous 
avons à nouveau examiné la détermination de la mesure de cette figure, et nous avons trouvé sa 
mesure par une méthode qui ne fait appel à auoun de ces lemmes, et qui ne nécessite aucun d'eux. 


Encore faut-il noter que Thäbit b. Qurra à réintroduit les sommes intégrales 
d’une manière différente de celle d'Archimède; tel est en effet le cas dans son 


b 
caleul de l'aire d’une portion de parabole. ealeul équivalent à f V x dx. 


De même pour le paraboloïde de révolution: alors qu’Archimède considère 
des cylindres de même hauteur, Thäbit b. Qurra a recours à des troncs de cône 
adjacents, dont les bases déterminent une subdivision du diamètre de la para- 
bole — qui engendre le paraboloïde — dont les intervalles sont proportionnels 
aux nombres impairs successifs commençant par un; et dont les hauteurs 
sont les mêmes. Al-Qühi, pour parvenir à réduire le nombre de lemmes à 
deux seulement, retrouve indépendamment les sommes intégrales telles qu'elles 
figurent chez Archimède. Sa méthode ne diffère du reste de celle d’Archimède 
que sur quelques détails, notamment lorsqu'il s’agit de prouver qu'on peut 
rendre la différence entre les cylindres inscrits et les cylindres circonscrits 
aussi petite que l’on veut. Dans le premier lemme, al-Qühi montre que 


5: Voir notre article du Dictionary of Scientifie Biography sur Ibrahim iba Sioän ibn Thäbit ibn 


6. al-Quht, op. cit. M. 191r — 19e. 

7. Voir A, Yousckevitch, **Note sur les déterminations infinitésimales ébez Thäbit iba Qurra®t, 
Archives Internationales d'Histoire des Sciences, 17 n° 66 (1964), 37-45. 

8. Voir notamment les propositions 19 à 22 de Sur les Conofdes ot les Sphéroïdes, d'Archimède. 
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Et c’est seulement au terme de ce travail préliminaire que nous pourrons 
revenir au problème capital, oublié par les historiens. 

Les titres mêmes des traités sont évocateurs: {bn al-Haytham ne fait que 
reprendre deux problèmes déjà étudiés depuis Archimède. I] est vrai que dans 
le premier traité il calcule, pour la première fois, le volume d’une portion de 
paraboloïde engendré par la rotation de la parabole autour de l'ordonnée. 
Jusque là, en effet, on n'avait considéré qu'une portion de paraboloïde de révo- 
lution. Ce résultat d'Ibn al-Haytham, dont l'importance est unanimement 
reconnue, justifie sans aucun doute la rédaction du premier traité. Mais si 
l'on privilégie la nouveauté et l'originalité des seuls résultats, on manquera 
les raisons qui ont incité Ibn al-Haytham à composer son Traité sur la Mesure 
de la Sphère: celui-ci n'ignorait en effet ni le travail d'Archimède, ni celui 
de Banû Müsä sur le même sujet. Or, dans l'Introduction à ce deuxième traité 
— rédigé après le Traité sur la Mesure du Paraboloïde-1bn al-Haytham invoque 
pour raison la nouveauté de la méthode, et par conséquent la clarté et la con- 
cision de la preuve. La question se précise donc: quel changement conceptuel 

opérer, qui nou seulement a permis de nouvelles découvertes, mais 
qui justifiait aussi aux yeux d'Ibn al-Haytham qu'il reprit un problème deux 
fois étudié auparavant, le problème du volume de la sphère ? 

Un tel changement conceptuel, s’il eut lieu, a done dû s’accomplir à l'oc- 
casion de l'étude du volume du paraboloïde, que nous allons examiner ici, 
L'histoire du problème a été relatée par Ibn al-Haytham lui-même, lorsqu'il 
présente sa propre étude du paraboloïde de révolution dans la suite des travaux 
de Thäbit b. Qurra, repris ensuite par al-Qühr. Quant au calcul du paraboloïde 
engendré par la rotation de la parabole autour de l’ordonnée, il s’en attribue 
entièrement la paternité. Or, si nous écartons Sur les Conoïdes et les Sphéroïdes, 
d'Archimède, ouvrage qu'Ibn al-Haytham ignorait puisque, nous l'avons vu, 
il n'était pas traduit en arabe, nous ne connaissons sur ce sujet que les deux 
mémoires cités par Ibn al-Haytham, celui de Thäbit b. Qurra et celui d’al-Qühi. 
A cet égard, du reste, le témoignage de ce dernier est précieux. 11 écrit:* *Il 
n'existait pas d'autre livre sur la mesure du paraboloïde que celui composé 
par Abü'l-Hasan Thäbit b. Qurra, et il est en la possession de la plupart de 
nos collègues”, Ibn al-Haytham s'accorde donc avec son prédécesseur al-Qühi 
pour reconnaître à Thäbit la priorité dans la solution de ce problème, mani- 
festant indirectement, lui aussi, l'ignorance dans laquelle on se trouvait du 
texte d'Archimède. Sur un point encore, il suit al-Qühi lorsqu'il reproche à 
Thäbit b. Qurra la complexité et la longueur excessive de son étude. Mais 
plutôt qu’un simple reproche, il faut voir là une critique au sens strict, c’est. 
à-dire un acte à portée créatrice. Thäbit b. Qurra, en effet. fut le premier 
mathématicien arabe à aborder, après la lecture des deux Traités d’Archimède 


4. Cf. le manuserit du Traité d'al-Quht, de la Bibliothèque Kbuda Bakheh de Patna, Inde. 
n° 2519 (33) 191r. 
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lacune à laquelle s’ajonte, et qu’explique du reste à certains égards, l'idéologie 
historique que l'on sait. C’est ainsi qu’il faut comprendre la tentation de ra- 
mener, sans précaution aucune, à Archimède, les travaux et les résultats de 
ses successeurs arabes, lorsqu'il ne s'agit pas d'apporter en commentaire des 
affirmations fausses, voire contradictoires.® Une fois encore, l'ignorance des 
faits et le voile idéologique ont assurément empêché de poser ce problème, 
qui ne laissera indifférent ni l’épistémologue, ni l'historien. 

La contribution des mathématiciens arabes n’est certes pas indépendante 
des travaux d’Archimède, Tout comme ces derniers, elle a sans doute été 
suscitée par l'étude des aires et des volumes des figures géométriques, non 
limitées par des segments de droite uniquement. Mais elle a directement 
tiré parti de la traduction de trois livres: les Eléments d'Euclide, La Mesure 
du Cercle, et De la Sphère et du Cylindre, d'Archimède, Cependant, alors que 
ces trois ouvrages traitent de la méthode d'exhaustion, aucun n'a vraiment 
recours aux sommes intégrales — sommes de Darboux — lesquelles figurent 
dans Sur les Conoïdes et les Sphéroïdes, et Des Spirales. Or rien n'indique que 
ces deux ouvrages, pas plus d'ailleurs que La Mesure de la Parabole, aient 
été traduits en arabe.? Toute tentative de réduire l'oeuvre des mathématiciens 
du IXème au XIème siècle à celle d'Archimède s’effrite donc déjà sur l'igno- 
rance dans laquelle se trouvaient ces derniers de la notion essentielle par la- 
quelle Archimède a complété la méthode d’exhaustion. 

Tel est, en tout cas, le bagage dont disposent les trois frères Banü Müsa, 
Thäbit b. Qurra, son petit-fils Ibrähim b. Sinän, al-Qühiet Ibn al-Haytham, 
autrement dit les représentants de la tradition infinitésimaliste arabe. Il n'est 
pas question de reprendre ici l'histoire de cette tradition, ni de son apport 
global à ce domaine. Nous voulons nous attacher aux éléments: reconstituer 
d’abord les faits eux-mêmes, et nous limiter en premier lieu aux travaux d'Ibn 
al-Haytham — dont nous poursuivons déjà l'édition de l'oeuvre mathématique- 
afin de les traduire et de les commenter. C'est done de l'oeuvre du dernier grand 
mathématicien de la tradition infinitésimaliste arabe qu'il s'agit, et ainsi de 
l'héritier du progrès accompli de Banû Müsä à al-Qühi. Successivement, dans 
deux articles, nous nous attacherons 


Lau Traité sur la mesure du Paraboloïde. 
2- au Traîté sur la mesure de la Sphère. 


2. Récemment encore, par exemple, en 1970, Ch. Mngler écrit: Notre civilisation n dû attendre 
1e XVITèmeet le XVIIème siècles pour voir apparaître des travaux continuant La pensée d' 
Cf. Archimède, T. 1, p. XIX, “Les Belles Lettres" 

Pour illustrer cette idéologie et ses contradictions, on peut aussi citer, entre autres, M. Baron, 
The Origins of tha Tnfinitesimal Caleulus (Oxford: Pergamon Press, 1969). 

3, C'est à cette conclusion que l'on parvient après avoir consulté les livres des biobibliographes 
et ceux des mathématiciens, 


Ibn al-Haytham et la mesure du Paraboloïde 
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1-1. Introduction 


Le calcul des aires et des volumes infinitésimaux, ainsi que les méthodes d’in- 
tégration qui s’y appliquent, ont, à deux reprises, constitué dans l’histoire 
un secteur avancé de la recherche mathématique. La première fois, c'est 
principalement le nom d'un seul homme que l'histoire a retenu: Archimède. 
One siècles plus tard, les recherches en ce domaine sont associées au nom de 
quelques mathématiciens, parmi les plus prestigieux de leur temps. Mais on 
ne saurait trop s'étonner qu'à l'époque hellénistique, aussi bien qu'avec les 
mathématiciens arabes des IXème, Xème et XIème siècles, l'élan qui animait 
l'étude de ces matières ne tardât pas à se briser, et l'activité des savants à 
s’exténuer, Reprise par les mathématiciens du XVIIème siècle, cette recherche 
connut un essor qui, depuis, ne s’est pas démenti. Mais ces deux interruptions, 
à onze siècles d'intervalle, ce contraste entre les deux premières tentati 
et la troisième, représentent un fait capital, bien que non souligné, de l'his- 
toire des mathématiques. 

En effet, les raisons pour lesquelles une telle activité s’est épuisée dans deux 
contextes scientifiques et culturels aussi dissemblables que celui des hellènes 
et celni des arabes, risquent aussi d'éclairer et d’expliciter la fécondité du 
recommencement de la discipline au XVIlème siècle. La connaissance de ces 
raisons pourrait nous être précieuse, en nous aidant à comprendre pourquoi 
les mathématiciens du XVIème siècle, qui ne possédaient pas davantage que 
leurs devanciers grecs et arabes de véritable définition de l'intégrale, sont 
parvenus à inventer des algorithmes et à saisir les rapports entre les problèmes 
des aires et ceux de la tangente, Or, au lieu de tenter d'élucider cette opposition 
et d'en développer les prolongements, fondamentaux pour l'histoire de l’ana- 
lyse, on n'a conservé de l'histoire que la simple succession des auteurs. 

Il est vrai qu’une certaine méconnaissance des faits eux-mêmes et en par< 
ticulier de l'apport des mathématiciens arabes, est en partie responsable d'une 
telle négligence, Si l’on connaît bien en effet, dans la limite des documents 
disponibles tout au moins, les travaux d’Archimède, on connaît beaucoup 
moins! ceux de Thäbit b. Qurra, d’al-Qühï, d'Ibn al-Haytham, par exemple; 


“CNRS. 

1. Voir cependant les travaux de FL. Suter, au début du siècle. Plus récemiment, À. Youschkevitch 
n'a cessé de souligner l'importance des travaux des mathématiciens arabes. Cf. par exemple: A. 
Youschkevitch: Les mathématiques arabes (Paris: Vrin, 1976), pp. 127-130, 
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A3 En a gp open 3 3 JS Es LS 4 pu 4 A d1 es » 5 çél 
el gs di onell . cuil s1 59 lala Loue LS zen ht cl OÙ 
de (45 de Je DoeN 3 3 515 VI oûa Go 2 AA la Cool çs 
A 4j 5)pal sde SX dus 6 Ma dons . 8,50 3 LS 6 small JR 
148 34 4 Y çgl paetll lia La Le 08 ju VA AI OÙ à Le saut sal 


<ÿ ob sante pu CG 615 JS Lei el ele 46 GS dis à 
St I qù 6 Lei #5 je JS ge Sol Gi 5opels Gualtl LS Ds 
Gal & yue JL 3 Sol die LE 5,54 su 46 All Gyne 
es <UNI> pad isge DA dype Si pU Gé «pad se 26 43 jh 
HE dis. We cantlhs gsll pell GUN 5 je 0,63 5 pal à pu di 
due dù ent ol jè all el p 5 ge aa do JS ce Lei li delé di 
dou Vs padl ets ou Naû …. padl el5 pot (SN AQU 6 sal 4 525 
Le OPEIRN 6 5 pe D pol ga as Le 


pes Lei Slallel el A dut AS, 3 Ni 3 all os 
ral DEN Le 53 dl CE Visio js du à de AG age 
S pus hui OÙ ele à EAU Ge de 953 IS GA Go ot Gal 
SU pre Je Aa 4 5 te Je au Le ea an 8351 da & allo 
28 À ju pau à LION QI Jos Ji LES Des Col ja Lg ts VI 
Vol ya3 € LI CYLAU si 51 5 & di Oltalelis LIN 4 351 Go Le ad 
SN 5 (BBal-88a10) - Salt JS Eé AIR AI ssi OÙ > Cu 
CUS 4 45 LS Qi SiSA Ji on Li clulall 
AS Us « ldaleli sde de Léo DS V LIN d! du « eu (à AR 
€ lan y O1 6,55 131 aa 5 OÙ L£ Le las. Soleil eds Di g£Re tes Y 
8 li ge OUI 3 A Tes (ad 48 VI 0 Rd 5, à al 5 LI jee 
les 5,8 ESS LE le LV à (291) elite aol 
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CL st) gel. LIEN DS LES QU Ca Ji À 5 4 ke 
BE Cle de ge ls dll 2e Gus ss 


gl LR 85h ae 35 di EAN PE) pal Si si , Keë .. » 
pal ©, ls. oeil oi GMA pe Code e el a S 
C5 GMA sal Ge es. oi, EN Gest al Je ais 
ENS bi pra Ke (GAS QG 5 pe) D Goël 9 35 La 3, de GS sal 
Sail El l )50s Si pal bal j503 pa EN ES 53e SCA 
D pal di 3, LS, « Jédl Gets ll G LAS pad LS pot 5 
de CYAN ds él CA 63e CS 

gl SN Li jp SA ou Lé J sul 1,6 5 
QE USA La, LUS 5 ph 6 go Gand es ge 31 
Al al 8! 205 ge pulls. jh se auf VU Las à nl Gb Ge pr 
Ge 7 Ma y. él AIN OS io OS jou colalell sue Go das y 
Baabte qe a SR dut (oi pus M GLS LS Ye &dle se à LIN GA 
els si SL Ce quil Ja je ll G EU ) Ge sb 3 où Li 
Dal Quôle J) Gallas CS KE be 5 plaie QU Aa Cas jai Lies. colaatel 
rs + US Kls le ss Was Je ge dé 5! Ke 1 Ge La 5 OÙ RE qi 
al gel 2 el dans Le SALE GAS GA ou 4 4 Gel SI pass La LS 
A5 Ale çgl ie où Ÿ [535 aie 

Vera Bla) a golli OÙ Jeu ail le N 6 25 lo à 3e 5 d cé 
SE age c pal ge le JS de pie Qi Ce Bees à Uels € GE 9 
Slaallt diieis Gas Vs AUS 5 leur a e Lab 54 ôU si tie 
AS 0 ge BU ALU G Cp A5 GA ol Li (100 85 —100 6 15) - Gti 
dal de QI ati SUN je des oi AU ge GUSY à li OÙ à BU 
ele de DEN audi 3 Zi 5 ji 01 «y 323. he) par Le SU 


FA crie plldile — 14 
AY 
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+ pl oda ce BV G LI pts ouf (ON cit QAË LS de ça Gläl 
Bb 4 Si DU Éd ee lab ae OS > à li di (Je 
RU AM NI à ed 3 à JU 8 SN a La pt 5 SG 0 Le gl 6 
dis DE US 0 JG aies (ed el 3 5 EN ed a où pa als 
SL HI Dé 8 pl Le ps SU 4 Jo 45 . as ects SES lis 

2 Le le dj sarl 


Os ge el el all G'osdss élites sole G Ja Cale, à 

Ja ef LL EN Lei, . SU Le is Si adl dis nèsss 

JUS gel LS act N pale ni V5 de sn Les Lai Je j 
ee 9 G di oolaadl| 2185) qu es A quel ge ls nl 


LU ya à Sy dp8 à pad Go Ge à € ed SG (lea Cp Ad 
ul Val la 01 US à à all #5 G well le LE RAI cal 0! ST 
dE Ad, , 1 Ole, » sal pes Ja à ji ÿ sde Obs Y Les 


des pal G Bo pole os 5 EI 2 angle Gi cal OURS Y 
GE st 5e GLEN die BU US 9 de A Gb ge 6,28 
Lole ol caossYl ei je à BU OS à D pis. Loygl elél LE 
De A A OS one € pes SAS LS dite à Label 8 35 p à cos Le 
Gil oda ya Ô! Le Luus. ADple JS A A ele 4 ll CSL 
2 ghae fate M p5NI à Ja GG ol Go (ee dl List 39 gai Yet ou 
AR At op le Je Qt AS Less 31 EI es audi pedl ps) dl ga 
- LAS ge CS Ab La Lol G JAY. Gba Ge Ws (ai Las 
go WU à Qi « ad pla 4,25 Ju se Ni: Qi a xdt LES 
ge les cie ls. ol edl de pë le La Eu call Ge anël 
.+ ALES ETES 1 
Opticae Thesaurus, À Reprint Edition: (New York, 1972). See the introduction by : et 1 
David Lindberg. 
GAS LE DE Gil gRN sou à BU GLS 0) LES Le 7 Gall oda G Ed dns 
el gas NT pal 3 A A Gb La Je 31 
M 
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ati 5559 oué eV 0! Les Gus à ouai de lens Got Slaeléll de 
open jai du US Au pl LS Mgr dis €. cal di ad on el 
Rép LUN gp put se Qi pal ge Ule 1. 2339 25 dl Gi 
ü cles padl egtlls 45 555 ou etat Fa © ds le ls 
at gb gg EM ee ) Sad plu de leg ss LIEN sue oi 
ab JS «Lab . Lis Loue gel ge ae Lil ee LE (pal 
GS. BA pe Je LS as € 5390 à QG Gi ce pal ques tu 
By à des eu ee ST ES 1 GA SE Qu « &ali dal 
a aa ge Je Lise des NE &all all ce > 4 gl JS US 
LA Ge be SU ds 54 ce 81 sel Mi dE 5596 es dl 9h 
Sono gl aS scies Gi d vallon UA que di 3 gl 
AL gp 3) D Go ge des plat 28 431 Jon Ai gui aile Lis uso 
. lb d3s Lab] Ji 5 y dl 32 lat Las . Le 5 pal ve dl La 
Dés 0 + es Ÿ à Gba e pl Gaël lg 3,3 Gh eLENI D Qu Lin ls 
Uasg  & ll oda Dee pue el ON des (less 1 Oil ) de slmdll 

.aatell i CaIlE N sale & Lis le 


A4 


ie 


Li pd y dé G 


Carl SiB>de 


FR rl y load Gi DVI AJ BU JE 

Ds à DS DUges p5 pe ge ls 5 el Ni Jar d Ca 
cl GLS Te Jan NI Ce oi 

Lu Ci phases 2 by SN she) SL EE gl sal 0] 
SU phil CA Qaf Lund lus Ds es. tebt Lai pi 
eos pars dant il sens 

SI BE QE ge as Le se — Lil, 3 = 2e A 4 p5ë Le "0 
+ PSI à de Le iss p QG SI qu ant à # gi 
1 LS o Qt lots SIA GS ele de DL jere lis 
+ 4] a OL Géé j né 

sexe ge Cain pri ji Dé Of gemedl 38 5e 46 à pol es 
gi SES Lg L'ils nés de GA Css, di 0 Re, 


+ él a 


ab pl de el 5 OÙ Leu Gels pag ce Où Mi au 
+ le plis NI 

ss Vers ere Cu Wei ps oi e 

Jus Ja Go 30 2 fl5 4 3 Jf el ee HS NN plus Ce 
AE 

Du ete pue Je 3) el ge 2 de tel di éd (a 
2 rod 0 UM» 5 Get Y 3 3 (Ale 

es A Ge EU gel pe DES diges Cal jh ei as cé 
+ del M Jens SOS peus obéit 


+ 28e le Ga art 5 cl SN dl ge és — 1e 
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watilbuiil asf 2ilu sf àuse EL Sbèr 
Gags er Ge Cretall cab fi sisi ÿ 
A oil la cast 


Dix à ERpÎl ul 


Ds 98 LS 3 ON HN JV deja GG put us OI ne à Douade A 
eo EE 1 lélge MI 2e ll 0 4 di KE » 3e la bike de 
ball Call je Lady NN pan plis à Ans GÉSs çonias 
Bule 28 Géo pre 5pall Endls à joel 31 JO 46 IS Le Les of 51 
La d pis Ra ge 553 Bones lee Bei ess Don G es unill 
à Do 78 GER Si all 


3b ani 393 Ji Lin Er gl ed ca fee het on A cr 
Guy de du cle Gus let G (9 vrillessŸ 2e ab vefrrt 
Dit Qi Eu oi 4 8 et de [r] ox de 455. [1 7 a Ed a 
QU piles) pi Le Ca Be) Le La GAL ga et us D ali 
Al cas jl seY Ale 45h Lei Que veyreller 
Lil G up al. que 555 [rois ce ps ue ds 

eurillee À eu Les test ji put 5 39 51 &s 
Gall Larul 253. de go 35 19 ab ni oùt (3 ll al pau Jill Ms ci 
SAS 545 STE 14 EI Ga 25 7 dar os [ Y ] ts A 
VS 3 QE al 6 fa 34 5 La 3 db Janlls . 2 JM Gi plll pudls 
Le Ÿt jiu las . 5 paêll (oi lue glé eu ll au 35 is 

. alle gé nl Lui joli SI 
D of Les Uybe à AS Ÿ Gal Le 5 2 Gal all pu LÀ 53 
«à HE VI El GO NU Bodies ge pb Le qu al Cl ge 25 
s[ Jeee e cu LAS eh bel LS GLS ns cube Lt 
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BU ps Ces ls € > de dé 5 cu pl pans ils 
«{ ) ds cu Let jl 

Le Ws Qi si Ob SV, ail Cheb La 3 UNI ce 0 Vs 
al G'évll ie del LA RU ad Ts 5 AS. gt Tledl 
à Ab ghai ipe let 
ds Je DS Gel ge 5% GE sôu5 JR Ai à: ou g #82 
CA 6 8 AA pos 1e Ji és. SLélyI pi GS AU DS ue 
pass. QAR anis Gles laser é QI ANS. CAS cmd y à gl HI 
by JR loc A5 y plu Gate pre Land dame LAS pl olél 
di ge a ji & 4 61 Niedi sûe JE sua CN pé ss. dei acte 
fe pl o Ai GS & li Les Hu 

GLEN de ddl puis Je eS Ù (dsl hé s ) Ji SN sb ds 
. Agé s by M CLLAS La sue OUEST I çof Le 


Jai db mue Je Didi ÿ [o] 255 di SV ans 
us Spa à qi Le Abu Je jé 5,2f pair Ji os. SU cn Gus 
dass él de M Lu Cons le Je le (pe. Gtre dl) 
Dot] de Ji Les Que qe DIS 1, à 6 P Lun VE glee Gode Cat Cl 
D ip iuw=u pote) 
op Vu Jef ve es pes one et ep 2 Vos 05! 
+ Pig sl abs Late ans ame LR US GS PV Le CSS tr 

ag goes de (pd Ye dl) alles si di 39e Je Lai JA gs 
gs pas le EN pelle die Eu [1] AU, Jo ques À 
2 28448 où JL $e hou colle OS 

eat AT 0 Jun » el € pa palles Lot alles ceileurt di Let 
il SU a Qi AE US 25 jen pui 5 se EM de Es 
at 


12 uilesl al AL) Le de 


ais al stat cal, of (ue) pete alé JU et éyutes Let 

Qt octets ge alles eut sel pt éd er clés 

qi Ga qui pre nd ame pie el Let de es péde gs 

Ja 130 4e 3 Ai ad JE pa cn 52 Gloss 21 ds JA tell 
à gage cpl ge ones [ V T0 de 

capte cesse) de c35 8 UE oda jee d1 aile, G orilleurl al 53 

pa ai où Je e Wdeets Ré 41 JG AT es € . due ds ce 
es ai qe Ra pt qe de Ua 


LA 


Ah dust y lala que Gi plus de 


SOLS je 2 pl LRU Lcd s Gall 25 
1e ll à A ge ie 5 YU Ga 
Sept SN 58 À lu d FT 
MY Jet œbe 4 til Jui hi & eùl 
M EURE 
CR at la Vs ve ue 
er gi JE GS 
[CPR PEAR TE 
Ca SVE ) Di Ut eu LA Qu 
LR ss de gd v+ 
VatVe der 4er ul lle Sols 
HALLE 
CACRPESEEN RE 


etat ce vie ll Je ÿ GLSNI pete 
sil 
CRE PERE EE 


Das Jai LA Os sf jt 

AI de JU à (1) 27e 

CPE TE CROE 
ER Ds ve song 4e 

EM gpl al 5 A 5e 9e SR EN 

ph fe 
AS ol Y ss à lo. vo 
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170 APPENDIX 


Of some interest is the obtrusion of an unknown “ Titanus * (154:6) in 
front of “Menaechmus” (106:8). The correspondence of text and translation 
isby no means clear in this place, but it is possible that ;» ils (the reading 
is uncertain) is a corruption of # +05, which precedes “Menacchmus” in the 
Greek. If this is s0, some at least of the corruption probably occurred in Greek, 
since one of the manuscripts reads erfpyurm, apparently for the whole phrase 
&r Boy we +05, It is worth noting that; il does not occur in MS Eseurial 
960. 
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parallel (to each other) rapdhx 110:11 
dv... raiç … rapaXAñAoc ; 

108:12 Ve—4: joe 
pudiéqsas rapanéyeaupe 108:2 85 ee plaie pole 
the middle parallogram +00 pérou rapañiroypéagou GA he 

108:5 Vi tee pl 
middle Étéoos 110:5 CERTES 
successively épeëns 108:3 (es Bl)hs:t 


Technical terms are sometimes translated by descriptive phrases. Thus 
xaremadmmé voi Moféx Beyave (106:20-21), “catapults and stone-throwing 
implements”, becomes (154:15.) 541 dal Je D st G des 3 evSi 
{in the MS there is a > wrongly inserted before the last word). éoyaora (10:11), 
“without a gap”, becomes (156: 6-7) «à Y3 Je We 5 js For the liquid 
measure perpnrhe (see 106:17) the description is preceded by a transcription 
(54:13) LI LS 8 JS Le 39 ge ee 

An example of difference of form without real change in meaning is the 
expansion of ei*eeiv (110:21), “to find”, into (156:11) é 25 5 dÙ 45 « 
meaning do oceur, though it is seldom clear 
they are intentional. For instance, the Arabie in 153:13-14 omits the condition, 
foun din the Greek of 104:12-15, that one of the lines mentioned is double 
the other. Again, in 154:12-14 of the Arabic there appears to be no mention 
of a eube and its side, as in the Greek of 106:16-19 - though the whole passage, 
106:8-19/154: 8-14 is not very clear in either language. tpeie rivoxlououe l'aoug de 
Aexrorroue (110 :4-5) “three equal panels as thin as possible”, becomes (156:3) 
LL 86 je pli (Escurial 960 is nearer the Greek in this passage). Other dif- 
ferences are to be found in 104:15-16/153:15-16 and 110:14-16/156:8-9. There 
is a subtle difference between +à 800è, orepeby rapoarAoypéquorc repuyépevoy, “the 
given solid bounded by parallelograms” (106:12-13) and gl ils pole 
(154:9). A final example: in the votive offering - évéôqur, translated as» F5 
(see 110:12/156:7-8 & foll.) - the instrument is placed ‘ur’ abriv rhv orepévne 
is erfans “under the very crown of the stele”, but Fix ds 1, je . The Arabic 
bere is a simplified translation, “on top of the stele”, thus avoiding the difficult 
technical terms of Greek temple architecture. Parts of the Greek may have 
given the translator some trouble. For several words — e.g. énuotéc, yoMBpa, 
mpoapohuBäcyéu (see 110:6,6,14) - Liddell & Scott’s Greek-English Lexicon gives 
only this text of Eratosthenes. Of course we have no guarantee that the 
Arabic is a straight translation and has not been reworked. 
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double 

eightfolà, eïght times 
{the oube) will be doubled 
duplication (of the eube) 
sides 


by the lines called eurved 


two given lines 

two given [lines] 

ivory 

above 

u hundred feet 

diagonals in them [rectangles] 
let there be erected 

sube 


base, frame, board (in the shape 
of brick. The Arabie repeats 
the Greek etymologically) 

a Gxed in 


has been attached with solder 


let it meet 
#mall, thin tablets, panels, plates 
tablets, panels, plates, 


1ying alongside one another 
evenly 


proportional 
ZK :KH = BZ:GH 


10 means in contiaved 
proportion 


produced 

at [point] & 

geometers 

in terms of geometrie surfaces 


APPENDIX 
Birdatoz 104:2 Vrloros 
Bxrarhéov 104:6 des der obelilé 


Bimhamtacbfaeras (6 vo) 104:15 14: 1er ( EU) us 
Gaiou) Sirhamaouée 104:9 17 + 1er ( Si) clsl 
rheupüv 104:4 Aster pl 
Buù sü aaoupévay april 
veaupäv 106:4-5 ant à dot bell 
Ado +üv Bobersüv ebeuv 11020 11: 124 gpl diet 
360 rüv BoBesüv 106:2 r: 
Begévevos 110:4 
Er 108: 
uarbumeBoc 102:24 
Btéperpo Es abroïe 108:3-4 
oertéru 10822 
xifé 1049 


æMvêlov 110:3 


évhppoora 110: ge don gala Us 


xahpuooras … rpocuenohoge 


3 Len Sail à 
Soxomubvev 110:13-14 este als dire ee 24 


oobrirréres 108:9 diese Ab 
mvauloxoug 110:4,10 4: dev glail v à don oi lil 
nlvaxas 10:22 dre er gli 
BG avaréuere ar Las LU 0, 
dAxiois 110:11-12 Vient 
dvédoyoy 112: D'RDE 
6h ZK red KH, ñ joies radis; 
BZ npèe TH 108:21 
Bbo péaac dvéhoyev … 


Es oveyet évohoyiz 106:28-9 
the same 104:14-15 
BxBanfeten 108:9-10 

xarà <b K 108:10 

robe … yeouérpac 104:19-20 


Enl rôv yeuperpouéver Pres 
fs av 110: Ve der Di pot es 
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English equivalens of Greek Greck Arabie 
half-cylinder HuvwkBeur 106:4 NET 
in the instrument &v + épyéve 10:22 Vtshon AVI ÿ 
with an instrument dpyaxüe 110:2 Vito 
a Way + by using an ivétrument #1 … bpyavoch Afÿie 106:8-9 V2 104 20 Ju. je 
has been shown äroBtBeperae 110:2 AWitee [ia] 
remaining uévevros 108:5 A5 100 (535 eorreetly) 2 s 
problem rpÜBAnux 104:9 Ars der ob 
we shall how BelEopev 112:3 AA dot 


below ‘uroxre 108:6 Vie cé 
in grooves dv xo6Bome 110:6 (gs As) &5 Von L ste (OL mi) 
solià arepeéy 104:6 trot mé 
Tmove smvéyu 110:22 LERRERN 
Let them be draw (pl.) xbwoav 108:3 stop 
et there be drawn through points Bud BA rGv.… cmueluv 108:8—9 A:1e8 .. L5 cp À 
wooden Efsvov 110:3 vrtor té ge 
line sdêeix 108:9 cp 5) à à leo le 
4w0 means Bo uéoac ( 106:2 Ces 1) rs des ces 
106:10 A5 dot os [or]s 
1103 FEV dep ces 
lines vpaupés 110:9 (ue Ait) o + or bé 
with no gap [betweenthem]  Aeyaora 10:11 Va: Ve èr V3 Jet Os 
let it mpproach, be brought Vi des gs 
together 
are capable of being purbed  Émuoso elotv 110:6 Et 04 db ns lu Rs 
forward 
aus EnimeBov 104:5 (us M): Ver ge 
equal V'avs 110:4 te ovale 
wnequil non 106:28 ETES 
ia a straight line war ebfeïay 110:22-23, 108.8 \r—1r2 184 23 [use 
0 Cast Jde 
bronze, bras xuciv 1104 5 
putting together, assembly cuvéyecbas 110:10 
figure oxhuaroc 108:7 
bas been drawn yérpsmrm 110:18 Vs or eue 


doubled Bimamaobercay 10445 (ue il)a : der oies lil 


Appendix 


À Note on the Technical Vocabulary in Erotosthenes’ Tract on Mean Propor- 
tionals 


Ricuarp Lorcu* 


This Note is appended as a small contribution to the study of Greek mathematical and mechanieal 
texts in Arabic translation. 

The table below is organized alphabetically by the roots of the Arabic 
words, or, in the case of phrases. of the principal Arabic words involved. Apart 
from such changes as the occasional removal of the Arabic article or inseparable 
preposition, the words have not been reduced to standard from, such as nomi- 
native singular for Greek nouns. By this means it is hoped that a spurious 
generality will be avoided, for it may be that a Greek word is translated in a 
given way only when it appears in a certain form or forms. In addition, the 
forms given serve as a reminder of the syntactical contexts from which they 
have been taken, contexts often different in the two languages. Greek third- 
person imperatives are normally rendered in Arabic by the first person plural 
of some form of the imperfect, Participles are normally reudered by clauses. 


References by pairs of numbers divided by colons are to page and line of 
the Greek text (see reference 3 in the article above) for pages 102-114, and to 
page and line ofthe Arabie MS reproduced above for pages 153-157, 


+ Institnte for the History of Arabie Science, Aleppo University. 
1e ie a pleasure to thauk Professor Paul Kunitzsch (Munich) for louking over this appendix and 
pointing out several ervors in it. He considers the suggesstion of the last paragraph speculative. 
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Editor's note 

‘The Arabie Eutocius in MS Eseurial 960 item 2 (F 22v - 42v, of wbich f 21v—29r are the Eratosthenes 
section) is not identical to the above, though in parts it is very similar. Possibly it is another rediction- 
written a safrir of the Entocins commentary. Lines 4 and 5 of £ 22v ure 
«0 by Sergin (Geschichue des arobischen Schrifitums, Band V, 1974, p. 130) 
of the fragment in MS Bibliothèque Nationale 2457 (item 44, T 191 - 192). These manuseripts and tho 
Cambridge fragment also mentioned by Sezgin (ibid) would repay investigation, 
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ÊMS page 157] 


1° Thus we have found, between the two given lines, two lines proportional 
10 them. Ifthe two given lines 

2 are not equal to AE and A6, then we make the ratio of AE to A6 equal 
to their ratio, 

3 and we take between them the two mean lines. Then, going back t6 the 
original lines, we shall do what was required, 

+ If we want to find more than two lines, we insert more tablets in the instru- 
ment (according to the number of means to be taken). 

5 The proof is the same in all cases, The book is completed. At the end there 
was some poetry and praise to Ptolemy. 


A 
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DMS page 156] 


1 that by using geometric surfaces, And if we wished to do that with an 

instrument in order that we may find 

the two mean lines, we [set up] a board of wood, or ivory, er bronze. but 

having in it 

3 equal tablets, that are small and thin, of which the middle (one) is fixed 
and the remaining two 

4 are pushed to run in grooves. Let the sizes and amounts of those grooves 
be according to the needs 

5 ofeach, We then set up the proof for this as well. In order that the lines 
may be found with the greatest accuracy, 

6 we make the tablets with careful skill, so that when the tablets are to our 
satisfaction everything remains parallel, smoothly fitting 

7 without a gap, and they are evenly touching, As for the instrument which 
we put on the square pillar, 

8 it is (made of) bronze and it is fastened at the top of that pillar with lead. 
So we made the proof and description shorter for 

9 that instrument and the figure, I have written on that square pillar a 
writing which I copied 

10 in order that you may have what was fastened to the square pillar. Also 
L'have drawn there the second figure 

IL on the square pillar. As a result of this we wish to show how to find, between 
two given lines, two lines. 

12 in continued proportion to them. Let AE and A0 be the lines. Move the 
tablets in the instrument until 

13 points À, B, l', À, are in one [straight] (line), as it is clearly pictured in the 
second figure. 

14 [The ratio of AK to KB, since AC and BZ are] parallel, is as the ratio 
EK to KZ. 

15 (?) That is, its ratio is also as the ratio of DKH <ZK> to KH, and so the 
ratio of EK to KZ is as the ratio of KZ 

16 [to KH], so that the ratios are as the ratio of AE to BZ and (as) the ratio 
of BZ to TH. Similarly we show 

17 [that the ratio of BZ to l'H]is as the ratio of 'H to A6. Therefore the lines 
AE, BZ, l'H, A® are proportional. 


& 
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DS page 155] 


We cannot do this without finding 

the two means, I have made the construction and (demonstrated) the proof 

of this instrument after the discussion, For 

3 we make the two given lines between which we want to find two lines in 
continued proportion, AE and 40, 


4 unequal and we make line OE perpendicular te AE at a right angle. Theu 
‘we erect 


CE 


5 upon line E@ three successive parallelograms AZ, ZI, 16 and we draw 

6 their diagonals AZ, AH, 10, These diagouals also will be parallel. Let 
the 

7 middle parallelogram AJ <Z1> remain (stationary), and (let) us push AZ 
above the middle (one) and line 16 below it, as 

8 in the second figure, until À, B, T, Alie along a straight line. We join points 
A, B,T, Ain aline, 

9 and produce it until it meets line E@ at point K. It follows that the length 
of [A] <K>1 to KB, because of the parallelism of 

10 AZ to line BH, is as the ratio of DBH <ZK> to ZH. Therefore the ratio 
of A<K> to AH <KB>. the shadow (?sic), whichis EK to K [Z], 

11 and as the ratio of KZ to KH. Also, since the ratio of BK to [KT® is as 
the ratio of KZ to KH, and, from the parallelism of BH and TO,] 

12 as the ratio of H [K]to KO. Therefore the ratio of BK to KT [is equal 
to ZK to] KH [and to the ratio of KH] 

13 to K [. But] the ratio of Z <K> to KH is as the ratio of [EK] to [KZ. 
So the ratio of E] K to KZ is. 

14 as the ratio of Z <K> to KH and as the ratio of HK to K [©]. But the 
ratio of EK to KZ is as the [ratio of AE] 

15 to BZ. And the ratio of ABT <ZK>10 LH <KH> is as the ratio of BZ 
to TH. And the ratio of HK to K [@ is as theratio of ] 

16 THto BO <A0@>. Thus the ratio of AE to BZ is as the ratio of BZ 10 TH 
and as the ratio of l'H to A6.  [Thus] 

17 we have found between AE and A6 two lines proportional to them, namely 
BZand TH. So we have proved 


3. Here, and oftén until line 16 €! (or similar) is found ia the MS instead of K — an ubvious mis- 
trasecription. Ja tbe translation only <K> appéars. 

4. Missing here from the text is: because of he paralleliom ef AE to ZE, the ratio of AK 10 KB is 
as the ratio of EK 10 KZ. 

5. The reconstraction. of the text omits bere: because of dhe parallelism of BZ40 GH. The gap in the 
MS ie not big enough to nccommodate everything in the Greek. 
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1 When they fell into the same dificulty, they sent over to ask the geometers 
who were 

2 (with Plato!) in the land of the Academy, to find for them how this thing 
that was mentioned before could be done. They set themselves energetically 
to work, 

3 and sought to find two lines between the two given lines. It is said that 
Archytas of 

4 Tarentu<m> had discovered that, and he did it by means of a half-cylinder 
and that Eudoxus did it by means of the so-called 

5 curved lines. As it turned out, they all gave demonstrations with proofs 
but none were able to make 

6 the actual construction or reach the point of pratical application, except 
to a small extent what was done by Titänus [b.]Menae [chmJus*, and this 
(person) also 

7 did what he described but with hardship and dificulty. We also thought 
out an easy way, using an instrument, with which we ean find between 

8 two given lines, not only two mean lines, but as many of them as one 
desires. And if this 

9 device is available, [we could find a cube] equal to every given solid with 
parallel sides, 

10 and change the figures of these [solids] from one to the other so that they 
become (i.e. remain) similar to the solids. Also 

11 those solids may be increased [while retaining] their forms as they are, and 
do the same in the case of altars and temples. 

12 By thie we can [determine..Jthe measure of dry and wet things, as much 
as we want [...], 

13 and the measure which is called [mJatritis — it being that in which liquids 
(lit. wet things) are measured — [to determine] the amount 

14 [measured by] the vessels in which these things … are placed. The disco- 
very of that (finding mean proportionals) is also useful if we wish to increase 

15 the power of instruments used in warfare for throwing rocks at walls to 
demolish them. AI that 

16 involves increasing all their parts proportionally over and above increasing 
in a single ratio their power, thickness, 

17 range, the parts attached to it, and whatever stretches the springs which 
increase the throwing power by that amount. 


1. In the Creck text rapè 9 Méta. 
2. See appendix, p. 166. 
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IV Translation 
LMS page 153] 


1 In the name of God, the Merciful, the Compassionate. 

2 A rreatise by Aristanes <Eratosthenes> on the construction of an instrument 
by which 

3 a line is <tvo lines are> found between two lines. 

4 To King Ptolemy grectings from Aristanes <Eratosthenes>, One of the 
poets is said to have visited 

5 Minos, he being occupied with the erection of a tomb for Glaucus the King, 
and inquired from hira about the size of the tomb that he wanted 

6 to construct. He told him that its total dimension is one hundred feet 
(each way). He (the poet) said to him: “This amount is little, It 

7 is too small to be worthy of housing a King's tomb. But you should make 
it double this amount so that it does not depart from this 

8 fair form. Hasteu to make each part [ofits parts] double what it is. It was 
thought 

9 that he had made a mistake. For when the sides are doubled, the surface 
becomes [four] times what it was at first, 

10 and the solid becomes eight times what it was. [The geometers] sought 
a way [to make] 

11 a solid double a given solid without [changing its shape]; and they called 


this 

12 problem the problem of the duplication of the cube, for they were doubling 
[a given cube. It seemed] a difficult matter. 

13 The people were all puzzled for a long time. The fret to conceive that 
ifbetween two lines it was possible to find two mean 

14 proportionals in continued proportion then it would be possible to double 
the given eube, 

15 was Hippocrates of the island of Chios. Thus befell among the geometers, 
in attempting to construct two lines 

16 in continued proportion between two lines, a puzzle no less (difficult) than 
the first puzzle. It was related that after 

17 a time people of Dilwa <Delos>, attempting in accordance with orders 
of the [oracle] to double one of the altars, decided to do that. 
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Université de St. Joseph, Beirut, Arabie MS 223, p. 157. 
Reproduced by kind permission of the Librarian. 
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Université de St. Joseph, Beirut. Arabie MS 223, p. 156. 
Reproduced by kind permission of the Librarian. 
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III The Text 
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Université St. Joseph, Beirut, Arabic MS 228, p. 153. 
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and the rightmost slides under it, To find the two mean proportionals between 
the height of the rectangles (AE in figures 1 and 2) and some smaller distance 
(A@), the two given quantities, the two outer panels are shuffled so that 
the intersections thus created of the verticals and diagonals will be aligned 
with the upper ends of the given quantities. In figure 2, B, the intersection of 
the moving vertical A Z with the stationary diagonal À H, and L, theintersec- 
tion of the stationary vertical JH with the moving diagonal 16, must be in the 
same straight line as À andA. BZ an TH are then the mean proportionals. The 
justification depends upon similar triangles created by the parallel lines, the 
verticals and the diagonals. 


AK :KE = EK: KZ à 
LzKk:KH ) 2 EK:KZ=2K:KH 


BK KP = KZ:KH ) 


Z'uKiKke 2, 2K :KH = KH : K@ 


 EK : KZ = ZK : KH = HK : KO 


AE: B2 = BZ: TH = TH: A9 
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II The Problem 


In his commentary on Archimedes’ work On the Sphere and Cylinder IL, 
Eutocius [3] has preserved for us a precious collection of solutions of the 
problem of the Duplication of the Cube. This problem consisted of constructing 
the edge of a cube having twice the volume of a given cube. In fact, such 
aline cannot be constructed, except by approximation, with a straightedge and 
compasses alone, though the impossibility was not established until the nine- 
teenth century. But the search for solutions to this problem influenced Greek 
geometry to a great extent and led to many important discoveries, notably 
in the field of conic sections. 

The first real progress in the duplication problem was the reduction of the 
problem by Hippocrates (ca. 400 B.C.) to that of constructing two mean 
proportionals between two given line segments a and b, If we denote the two 
mean proportionals by x and y, then 


aix = y = vb. 


From these proportions we have (aix)? = (a:x) (x:y) (y:b) — a:b. If bis chosen 
to be 2a, then x? — 24°, Thus x is the edge of a cube having twice the volume 
of the cube on edge a. 

Among the many solutions to this problem is that of Eratosthenes (ca. 
230 BC), a younger contemporary of Archimedes. It is given in what purports 
ta be a letter from Eratosthenes addressed to Ptolemy III (Euergetes) to whose 
son, Philopator, Eratosthenes was tutor [5]. In this letter, describing the solu- 
tions of this problem and the tradition regarding its origin, Eratosthenes 
says that a certain tragic poet had represented King Minos as wishing to 
erect a tomb for his son Glaucus, but, being dissatisfied with the dimensions 
(100 feet each way) proposed by his architect, the King exclaims: “The 
enclosure is too small for a royal tomb. Double it, but fail not in the cubical 
form”. A little later, Eratosthenes says, the Delians, who were suffering 
under a pestilence, were ordered by the oracle to double a certain cubica] altar 
and, being in difficulty, consulted Plato on the matter [6]. He then describes 
an instrument by which be himself solved the problem, giving the proof of 
it and adding directions for making the instrument by which the mean propor- 
tionals between two given lines can be found. 

The instrument consists of three equal rectangular panels set in a pair of 
parallel grooves. The middle panel is stationary, the leftmost slides over it 
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I. Introduction 


In his catalogue of Arabic manuscripts at the Université St. Joseph, Beirut, 
L. Cheikho [1] describes MS 223 (ju, SR gris Qi pot )as a 
photographie reproduction of a precious manuscript, whose original was disin- 
tegrating, and of which he was able 10 save a great deal. The original was 
at the Library of the Greek Orthodox Three Moon School, Beirut. It was 
previously catalogued under No. 248, and later changed to No. 364. The 
manuscript consisted of 162 pages (19 cm. high, 14 em. wide, with 17 lines 
in each page). It is without date, but goes back to the fifteenth century. The 
original is now missing, and the authors were unable to locate its whereabouts. 
Fortunately, Cheikho had a photographie reproduction of the manuscript, 
and the library of the American University of Beirut obtained a microfilm 
of this copy. 

Cheïko describes item no. 20 of MS 223 as “Traité d’Aristanes(?) eur la 
construction des deux moyennes proportionnelles par la méthode de la géomé- 
trie fixe”. Jensen [2] pointed out that the tract mentioned “is actually an 
Arabic translation of a letter concerning the construction of two mean propor- 
tionals between two given lines, purporting to be by Eratosthenes, and of 
which several copies are-extant” (3, 4].The name of the author oceurs twice 
in the tract, each time in a corrupt Arabic transliteration as Aristanes, 

In this article we give the Arabic text of this tract, as best we can, from 
a microfilm of the negative photographic prints in the library of St. Joseph’. 
Any missing or faded parts that could be guessed from the context or by 
help of the Greek text [3, 4] were inserted between square brackets, [  ]. 
The manuseript is reproduced in facsimile. In our transcription, corrections 
to the text are inserted in angle brackets, < > . These brackets have 
been copied into the translatiun, and any added words are inserted in paren- 
theses, ( _). We have tried to make the English translation as close to the 
Arabic as possible, even at the expense of good English style. 

The Arabie text shows some peculiarities of style and there are a few 
scribal errors. By and large the Arabic translation conveys the meaning of the 
Greek, but it is by no means word for word. 
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To Contributors of Articles for Publication 
in the Journal for the History of Arabic Science 


1. Submit the manuscript in duplicate to the Institute for the History of 
Arabic Science, The text should be typewritten, double-spaced, allowing 
ample margins for possible corrections and instructions to the printer. In 
matters of paragraph-indentation and the indication of footnotes, please 
follow the style used in this journal. 

2. Please include a summary — if possible in Arabie, but otherwise in the 
language of the paper - about a third of the original in length. 

3. Bibliographical footnotes should be typed separately according to num- 
bers inserted in the text. They should be double-spaced as well, and they should 
contain an unabbreviated complete citation. For books this includes author, 
fall title (underlined), place, publisher, date, and page-numbers. For journals 
give author, number, year, and page-numbers. 

Examples : 

0. Neugebauer, À History of Mathematical Astronomy (New York: Springer, 
1976), p. 123. 

Sevim Tekeli, “Takiyüddin'in Sidret ül-Müntehô’siwa aletler bahsi”, 
Belleten 25 (1961), 213-238. 

After the first quotation, if the reference is repeated, then the author's 
name and the abbreviation op. cit. may be used. Alternatively, the books 
and articles cited may be collected into a bibliography at the end of the article, 
according to the above format, so that reference may be made to them in the 
footnotes by author or short title. 

4. In the transliteration of words written in the Arabic alphabet the fol- 
lowing system is recommended : 

*,b,t,th,j,b,kh,d,dh,r,z,s,sh, 

D D dE TE * ii ww 

s,d,t,7,°.8h.f,q:k,l,m,n,h,w,y. 

sen de Sp + 2 Sedo pi nd ee 5 
Hamza at the beginning of a word is omitted in transcription. The läm of the 
Arabic article before sun-letters is not assimilated (thus al-shams and not 
ash-shams). 

For short vowels, a is used for fatha, à for kasra, and u for damma. For 
long vowels diaeritical marks are drawn over the letters: & 5, & The diphthong 
au is used for ‘and ay for *s. Long vowels before hamzat al-wasl are printed 
long (thus “abü'l-Qäsim” and not “abu’l-Qasim”). 
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gebraucht den Ausdruck qawsu l-ghaymi, und der andalusische Dichter Ibn 
Bulayta, bei Ibn Zäfr, op. cit., p. 47 ult. sagt: 
ul QU 24 JO LR Si 5 où à pds 
Der Sprachgebrauch ist also nicht einheitlich,aber die Tendenz ist ganz deutlich: 
Der alte, verpünte Ausdruck gawsu quzaha wird in späterer Zeit durch neutrale 
Verbindungen wie qausu l-ghamämi und dergleichen verdrängt. Weon im 
Sirr al-khaliga nun qausu l-ghamämi steht, s0 weist dies gerade n i e ht auf 
ein hohes Alter des Textes. In ähnlicher Weise muBte man viele Wortunter- 
suchungen machen, aber der Aufwand ist lohnend, und man kann so am 
ehesten festen Grund unter die Füfe bekommen. 
Zum SchluB seien noch einige Berichtigungen und Ergänzungen mitgeteilt: 
p. XXI: Ibn Nubäta’s Buch trägt den Titel Sark al-“uyän, nicht Shark al. 
“uyin, Zu Seite 50 Anm, 21: Das Zitat bei Ibn al-Mubarak, K. al-Mungidh 
min al-halaka, Ms. Chester Beatty 3795, fol. 80 a 1-15 lautet: 
os ie ose à] à Dsl CI SE SU 5 aie ass il GS Gil isole JO 
dB ps ec vèm OS dit ls plol Get 3 28% 28 oôl el 5 pal a 
eh us ÿ pos Obs oise Ce QE A vége 6] JG 8 fs gt Lee GULT o3t 28 dfi 
PS ge pee s SL ass Oeil p 4 625 dy ee ps 25 J] des tal dl au f Etats 
Jf sol 495 pes du ef au jé y SA me 4 Puy Bey Les qu ele  sLé nel ins 
Dos gel gt qe AU gen Ge ns Jai 23 eZ ie Je 455 ei «A 
Se soi PE pas 05 y EU ce el 5 45 de HG AN Je Vo pe 5e de 
Jeudi ee oil pue OÙ phil 8e el 055 Se gl ee of ed ge es A Gt at ds 
c NU AN pers Ge Us Je que 06 6 29 2 ph 7 ete d 
. à di 
p. 79 nr. 2.3.14: Statt “Das Sein” (al-kawn) lies “Der das Sein Verursachende” 
(al:mukauwoin). p. 180 Anm. 47 lies dabür “Westwind" und qabül “Ostwind”. 
p. 187 Anm, 84 u. 85: Zur Bezeichnung des Planeten Merkur als ‘Sekretär” 
(karib) vel. Würterbuch der klassischen arabischen Sprache, vol. I, p. 543 b 44 
#. p. 190: Die Cherubim, die hier in der aramäischen Form karüba (krbä) 
angeführt sind, heifen arabisch sonst al-kardbiyyän, s. WKAS 1 115b9#,; 
556 a 43 Æ.; II 52 b 23 .; 43 ff. p. 196: Statt istida" lies irtida®, p. 209: Statt 
samit lies sakhib “laut tônend, prasselnd”. p. 226: Statt ra‘ra lies sa°äqa 
“bitterer, salziger, ungenieBbarer Geschmack des Wassers”. p 226 nr. 16: 
Statt /ib lise fayyib. p. 32: DaB Balinäs den Mushaf al-gamar ins Arabische 
übersetzt habe, steht nicht im Text. Zu lesen ist do humma nugila ilä 
arabiyyi. p. 190 Anm. 103: Statt karäbin lies karübiyyän. p. 150 nr. 28.5: 


Statt “Baumwolle” lies “Flachs”, 


ManrreD ULLMANN 
Univenität Tübingen 
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Ibn ar-Rümi (ed. H. Nassär, Cairo 1974), vol. II, nr. 377,46): 
5 Vs Lg sg JS Y 3 Ubs Li GX al ot 
Al-Alawi al-Küfï, bei Ibn ab “Awn, K. at-Tashbihät (London 1950), p. 258,5— 
Thaälibi, Thimär al-qulab (Cairo 1965), p. 24 ult.: 
Lo vf Le pull ü ee cut 
Da Qusak nun aber der Name einer vorislamischen Gottheit war und in 
islamischer Zeit als einer der Namen des Teufels galt, sollte nach einer Tradi- 
tion, die teils auf den Propheten Muhammad, teils auf Ibn “Abbäs zurückge- 
fübrt wird, statt qaws Quzah der Ausdruck qaws Alläk gebraucht werden, s, 
Jähiz, Hayawan 1, 167,3 / 341,9; Marzüqi, K. al-Azmina (ed. Hyderabad 
1332), vol. IL, p. 109,1 f.; Yäqüt, Mu‘jam al-buldän (ed. Wustenfeldt), vol. 
IV, p. 85,19 / (Bcirut 1955), p. 341 a 26 f.; Ibn Manzür, Surür, p. 265, $ 788; 
I. Goldziher, Abhandlungen zur arabischen Philologie (Leiden 1896), vol. I, 
p. 113. Diese Sprachregelung ist befolgt in einem Vers des “Abd al-Muhsin 
as-Süri, bei Nuwayri, Nihäya, vol. I, p. 94 ult.: 
SA M 6,4 à LS) à p6 &l sis 
und in einem anonymen Vers bei Ibn Manzür, Surir, p. 265 paen.: 
5 ce Son gl SG UE à Al voi cd 
Als Ersatz für qatsu queaha werden in späterer Zeit nun aber auch andere 
Ausdrücke gebraucht, z.B. gawsu Lghamämi: Vel. Abü l-Faraj al-Wa‘wi' 
(ed. S, Dahan, Damaseus 1950), nr. 156,1 = Nuwayri, Nihäya, vol. 1, p. 94,3 — 
Tbn Zäfir, op. cit., p.47,—4 = Ibn Manzür, Surür, p. 266,8: 
a 84 5e gets a pl eo Le 
mit der Variante SL ss ps ol 
bei Thaälibi, Thimär al-qulüb (Cairo 1965), p. 25,7. 
Safïd b. Hamid al-Qayrawaäni, bei Nuwayri, Nihäya, vol. I, p. 94, 
Dhs oi 45 Gé 5, fl Good 5 U 
Qawsu L-ghamämi kommt sodann in einem Vers vor, der in den verschiedenen 
Quellen bald dem Ibn ar-Rümi, bald dem Sayf ad-Dawla al-Hamdänt, bald 
dem Astrologen Abü Saqr al-Qabisi zugeschrieben ist. Er lautet bei Ibn Rashiq, 
K. al-<Umda (Cairo 1955), vol. IL, p. 237,8 — Ibn Zäfr, op. cit., p. 47,8: 
ue des al G el de ob phil des je 
Die Variante qawsu s-sahäbi haben Ibn asb-Shajari, Hamäsa (Hyderabad 
1345), p. 231,2 /(Damascus 1970), nr. 722,2 = “Abbäsi, Ma‘ähid al-tangis 
vol. I, p. 109,7 — Tha‘älibi, Yatima (Damaseus 1304), vol. I, p. 20,3 — Tha‘ä- 
bi, Thimar, p. 25,14 = Nuwayri, Nihäya, vol. I, p. 94.16 — Ibn Khallikän, 
Wafayät al-a°yän ( Cairo 1310 ), vol. 1, p. 365,7. Die Variante gawsu s-sam@i 
steht Ibn ar-Rümï, Diwän (ed. H. ar), vol. IV, ar. 1082,4 = K. al-Jumäna 
(ed, Hasan Husni “Abd al-Wahhäb, Cairo 1953), p. 23,3 — ash-Shariehi, 
Shark Maqgämat al-Hariri (Büläq 1284), vol. I, p. 13.19 — Ibn Manzür, Surër, 
p. 266,5. Ibn Durayd, K. al-Malühin (ed. Jazä’iri, Cairo 1347), p. 87 ult. f. 
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kutub), vol. VII, p. 233,9; ab Tammäm (ed. °Azzäm) nr. 19,24; al-Buhturi 
(ed. Sairafi) nr. 555,27; 560,3 ete. Genauso ist das sebr häufige an-nakbd’u 
“von der Seite wehender Wind’ nie mit einer bestimmten Richtung assoziiert. 
Man kann sich also des Eindruckes nicht erwehren, daB der Verfasser des 
Sèrr al-khalige von einer zwélfetrichigen Windrose nur eben gehôrt hat und 
daBer sie willkürlich mit Name, die er aus den verschiedensten Quellen 
kannte, bestückt hat. Das Ganze scheint Schwindel zu sein. Zieht man diese 
Fiktionen und Mystifikationen in Betracht, so wird offenkundig, daB das 
Sirr alkhaliga etwas von der “hermetischen” Art hat, die auch das Ibn- 
Wahshiyya-Schrifttum bestimmt, 

Eine wichtige Methode für die Datierung des Werkes wird die Untersuchung 
seines Sprachgebrauches sein. Da man dabei sebr behutsam vorgehen muB, 
sei an dem Beispiel des Ausdruckes für den “Regenbogen” erläutert. Im 
Sir al-khaliga steht qausu Lghamämi (nicht al-ghimämi, wie Frau Weisser 
p. 196 schreibt). Der in der Übersctrungsliteratur gewübnlich verwendete 
Begriff lautet dagegen qausu queaha, vel. z.B.: Aristoteles, K. al-Athar al- 
Sulwiyya (ed. Badawï, Cairo 1961), p. 79,6 /(ed. Petraitis, Beirut 1967), p. 
89,10 F.; Hunayn b. Ishäq, Jareämi® al-Athar (ed. Daiber, Amsterdam 1975), 
lin. 281; Galen, K, al-Tashrih al-kabir (ed. Simon, Leipzig 1906), p. 36 ult.; 
Dioscurides, K. al-Hasha’ish (ed. Dubler, Barcelona 1952-57), p. 11,20; Yühan- 
nä b. Mäsawayh, K. al-Jauéhir (ed. Ra’üf, Cairo 1976), p. 47,5; “Ali b. 
Rabban at-Tabarï, Firdaues al-hikma (ed, Siddïqÿ, Berlin 1928), p. 27,9; Peeudo- 
Plutarch, K. al-Ara’ at-fabi‘iyya (ed. Daiber, Wiesbaden 1980), p. 41,19 fl. 
Es würe jedoch falsch, zu folgern, daB qausu Lghamaämi ein Indiz für den 
angeblich altertümlichen Sprachcharakter des Sirr sei. Denn qawsu quraha 
ist der altarabische Ausdruck, vgl. die folgenden Verse: Al-Hakam b. ‘Abdal 
al-Asadi (gest. ca. 100/718), in Hamäsat abt Tammäm (ed. Freytag), p. 718 
v. 1/ (ed. Cairo 1358), vol. IV, p. 295.1/ (Marzüqï) nr. 801,3: 

oi 05 Ge de À 25 di 5 LR 
“Abd Allah b. Hammäm as-Salüli (gest. ca. 96/715), bei Abü Hayyän al- 
Tawhidi, k al. Basa'ir (ed, Kaylänï), vol. IL, p. 639,9 £.: 
cé vs yo) JS sel Ai LA 
Diwän Jarir (ed, Numän Tähä, Cairo 1969), nr. 251,3: 


vs els 
Der Ausdruck kommt natürlich auch bei jüngeren Dichtern vor, z.B.: as-Sari 
ar-Raffa°, bei al-“Abbäsï, Ma“ähid al-tanÿis (Cairo 1947), vol. IL, p. 208,16 — 
Ibn Zäfir, Ghard’ib at-tanbihät (Cairo 1971), p. 48,2 = Ibn Manzür, Surgr 
an-nafs (ed. I. “Abbäs, Beirut 1980), p. 266,13: 
cyril de G ls 
Zähir ad-Din al-Harii, bei Nuwayri, Vihäya, vol. I, p. 94,12: 


eh és ln es LS œ Gb Ss 
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azyabu, 12, (Name ist nicht genannt), Diese Nomenklatur hat in der zeitgenüs- 
sischen Literatur keine Parallele. Bei Hunayn b. Ishäq, Jawami* al-athär 
(ed. Daiber, Amsterdam 1975), p. 47, lauten dieselben Winde folgendermafen: 
1. ask-shamalu, 2. nakba'u sh-shamali, 3. nakbd'u s-saba, 4. ay-sab6, 5, nakbe'u 
3-v0b2, 6. nakbd'u Ljantbi, 1. aljanübu, 8, nokba’u L-jentbi, 9, nakbd'u d-dabüri, 
10. ad-dabñru, 11. nekbd’u d-dabari, 12. nakba'u sh-shamäli, Dieselben Bezei- 
chaungen sind in den Rasd'il Ikhavän as-safa’ (Beirut 1957), vel. II, p. 71, 15 
ff, verwendet. Qustüs, K. al-Filéha al-yünäniyya (Kaïro 1876 ), p. 10,26 ff. 
unterscheidet 12 Winde, nennt die vier Hauptwinde mit ihren griechischen 
und arabischen Namen, die Nebenwinde sind dagegen nur mit den griechischen 
Bezeichnungen angeführt. Ibn Rushd, K. al-Athar al-‘ulwiyya (Hyderabad 
1365), p. 34,1 Æ,, kennt die 12 Windrichtungen des Aristoteles, nennt aber 
auch nur die vier Hanptwinde bei Namen (Auerdem kennt er nach Alexander 
von Aphrodisias die elf Windrichtungen). Eine weïtere Nomenklatur findet 
sich bei Olympiodoros, Tafsir li-Kitab al-Aihar al-“ulwiyya (ed. À. BadawT. 
Beirut 1971), p. 125 £., bei al-Majüsï, al-Kitéb al-Malaki (Büläq 1294), vol. 
L, p. 163, 18 #. und bei Fakbr al-Din ar-Räzi, K. al-Mabdhith al-mashrigiyya 
(Hyderabad 1343), vol. II, p. 196, 3 Æ. Dort lauten die Namen: 1. ash-shamälu, 
2. amnistu bzw. al-minsa®u, 3, almis‘u, 4. aç-çabä, 5. on-nu‘äma 6. al. 
asyabu, 7. al-janibu, 8, al-harbiyimu (?) bew. alhurjtju, 9. al-hayru bzw. 
al-hayfu, 10. ad-dabüru, 11. aljirbiya'u, 12. al-mahcatu. Die Lokalisierung 
der von Olympiodor, al-Majüsi und Fakhr al-Din gebrauchten Windnamen 
stimmt mit der allgemeinen lexikographischen Tradition übercin, vgl. Ibn 
Khälawayh, k. ar-Rih (ed. Kratschkovsky, Islamica 1926); al-Marzügi, K. 
al-Azmina (Hyderabad 1332), vol. II, pp. 74 #.; al-Birüni, k. al. Athar al. 
bägiya (ed. Sachau, Leipzig 1878), p. 340; Th. Nëldeke, Neue Beiträge zur 
semitischen Sprachwissenschaft (Strassburg 1910), p. 62 f. Während al-azyabu 
generell den Süd- oder Südostwind bezeichnet, ist es im Sirr al-khaliga der 
Nordwestwind! Däjinun und särüfun sind wobl kaum aramäische Lehnwürter, 
sondern eher aramaisierende Phantasiegebilde. DaB al-‘agïmu “der unfrucht 
bare Wind”, belegt im Koran, Sure 51 (adk-dhäriyät), 41 und bei Kuthayyir 
(ed. I.“Abbäs, Beirut 1971), p. 150 v. 2, überhaupt auf eine bestimmte Richtung 
festgelegt ist, ist reine Willkür, und ebenso verhält es sich mit ar-rih al-mayyita- 
tu “der tote Wind”. Noch deutlicher wird das willkürliche Vorgchen des 
Verfassers bei dem Worte Aurjafun, das in der Poesie sehr häufig ist und “hef. 
tiger, bôiger Wind” bedeutet, aber nie auf eine Richtung festgelegt ist. Vgl. 
die folgenden Stellen: Tarafa (ed. Ahlwardt) 9,1; abü Dhüaÿb 10,9; al- 
Mutanakhkhil 3,5; Umayya b. abi 3-Salt (ed. Hadithi Baghdad 1975), ur. 
116; al-Farazdaq, in Nagéid nr. 61 v. 45; Dhü r-Rumma (ed. abü Sälih) 
66,3; 67,4; “Amr b. Sha’s (ed. Jubüri, Najaf 1976), 4,19; 8,7; al-Qutämi (ed. 
Barth) 24,21; 32,1; al-Kumayt b. Zayd. Häshimiyyat (ed. Horovitz) 3, 105; 
as-Sayyid al-Himyari (ed, Shukr, Beirut 1966), nr. 59,3 — Aghäni (Dar al- 
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den sei. Diese Annahme kann sich jedoch auf kein einziges sicheres Datum 
stützen. Die älteste Handschrift ist im Jahre 584 A.H./1188 A.D. geschrieben. 
AI-Ya“qübi bringt in scinem Ta’rikh (ed. Houtsma, Leiden 1883), vol. I, p. 
134 paen. f., einen kurzen Abschnitt, in welchem er Apollonios von Tyana 
und Apollonios von Perge kontaminiert hat. DaB er Apollonios den Beinamen 
al-yatim “die Waise” gibt, ist ein Indiz dafür, daB er das Sirr al-khaliga ge- 
kannt hat, denn dort nennt Apollonios sich selbst “eine mittellose Waise'” 
(yatimun là shay'a li). Somit wäre die Abfassungszeit des Geschichtswerkes des 
Ya‘qübi, also ungefähr das Jahr 267 A. H./881 A. D., das älteste Datum für 
die Existenz des Sirr. Dieses Indiz ist jedoch noch kein Beweis, DaB im Corpus 
Gabirianum Anspielungen auf das Sirr und einige kurze Zitate aus ihm enthal. 
ten sind, bedeutet nur, daB das Sirr in der zweiten Hälfte des 9. und der ersten 
Hülfte des 10. Jahrhunderts bekannt war. Es ist ein arger MiBgriff, daB Frau 
Weisser, die sonst nüchtern und kritisch ist, in diesem Punkt eine hoffnungslos 
antiquierte These nachbetet und “eine Datierung der Übersetzung (des Sirr) 
in die traditionelle Lebenszeit Jäbir's, also um 750-800", für môglich hült 
(p. 54). Ich persënlich glaube, daB das Sirr im 9. Jahrhundert in arabischer 
Sprache verfaBt worden ist und da8 es k e à n griechisches Original dafür 
gegeben hat. Wäre es tatsächlich ein alter Text, so wäre zu erwarten, daB er 
von Autoren wie al-Kindi, “Ali b. Rabban at-Tabari, an-Nazzäm oder al. 
Jäbiz benutzt und zitiert worden wäre, Autoren, denen ja noch nicht sehr viele 
naturphilosophische Informationen zur Verfügung standen. 

Dn Text kommt eine Anzahl merkwürdiger Namen von Gewährs-männern 
vor, zum Beispiel: Kälüs, Bighüjasiyüs, “Ayir, Arthiyäs, Aylüs, Arsilijänis, 
Munis, Tisüs, Taltqüs uod Platon der Kopte. Frau Weisser nimmt an, daB 
hinter diesen Namensformen tatsachlich griechische Autoren stecken, die 
vur noch nicht zu identifizieren seien (p. 162). Aber meiner Meinung nach sind 
diese Namen fiktiv. Es sind Mystifkationen, durch die der arabische Autor 
seinem Werk den Anschein eines groBeren Alters und einer hüheren Autorität 
zu geben versucht hat. Solche Fiktionen kommen auch in anderen Schriften 
dieses Genres vor, zum Beispielim Mushaf al-qumar (s. mein Buch “Natur-und 
Geheimwissenschaften”, Leiden 1972, p. 380) und im K. Muhaj al-muhaÿ 
(s. meinen Katalog der Chester-Beatty Handschriften. Teil 1, Wiesbaden 1974, 
pp. 139 #.). 

Da8 der Verfasser vor Fälschungen nicht zurückgeschreckt ist, sei an dem 
Beispiel der Namen der Winde erläutert (arabischer Text p.136f. Kommentar 
p. 180 f.): Sie sind im Text zum Teil verderbt, kônnen aber mit Hilfe des K. 
Sifat Jazirat al-°Arab von al-Hamdäni (ed. D.H. Müller, Leiden 1884), p. 154, 
20 #, emendiert werden (al-Hamdäni hat hier das Sirr al-khaliga ausge- 
schrieben). Danach lauten sie in der Ührzeigerrichtung: 1. ash-shamälu, 2, 
2. al-“agimu, 3, al-harjafu, 4. al-gabülu, 5. al-mayyitatu (— pers. bädh-i khoshk), 
6. annakbæu, 7. al-janäbu, 8. as-särüfu, 9. ad-dâjinu, 10. ad-dabüru, 11. al. 


Book Review 


Ursula Weisser, Das “Buch über das Geheimnis der Sckopfung” von Pseudo. 
Apollonios von Tyana (Ars Medica. Texte und Untersuchungen zur Quellenkun- 
de der Alten Medizin, IN. Abteilung: Arabische Medizin, Band 2), Walter de 
Gruyter, Berlin-New York 1980, 258 Seiten. 

Der arabische Text des Kitäb Sirr al-khaliga ist 1979 von Ursula Weisser 
in Aléppo ediert worden (s. meine Resension in dieser Zeitschrift, vel. 4, pp. 
90-94). Mit dem hier anzuzeigenden Buch hat die Herausgeberin wenig epäter 
eine umfassende Studie über das Werk verüffentlicht, die im wesentlichen aus 
drei Teilen besteht: Im ersten Teil ist Apollonios von Tyana als historische 
Persünlichkeit und als Gestalt der Legendenbildung der nachfolgenden Jahr- 
hunderte dargestellt. Unter anderem ist pp. 28 #. ein Inventar der arabisch 
erhaltenen Pseudepigrapha, die unter dem Namen des Balinäs kursieren, 
gogeben. Es handelt sich um acbt Werke: 1. K. Sirr al-khaliga, 2. K. at- Taläsim 
al-akbar, 3. Mushaf al-gamar, 4. Ris. ft Ta"thir ar-rühaniyyat, 5. K. al. Mudkhal 
al-kabir, 6. K. al-Asnäm us-sab'a, 7. K. Inkishaf as-sirr al-maktüm, und 8, K. 
al-Khawëys. Frau Weisser hat gut daran getan, die Geoponiko, die Maria 
Concepciôn Vazquez de Benito 1974 in Madrid-Barcelona (leider unzureichend) 
verëffentlicht hat, nicht in diese Liste aufzunehmen. Den dieses Werk stammnt, 
wie die syrische und die armenische Version zeigen, von Vindanios Anatolios 
aus Berytos, nicht von Balinäs, wie F. Sezgin, Ceschichte des Arabischen Sch- 
rifitums, vol, TV, pp. 315 ff, vol. V, pp. 427 f. und vol. VII, pp. 318 £. und 
399, hartnäckig behauptet (Die siebzehn Überschriften, die Sezgin mitteilt, 
sind nur die Kapitelüberschriften der ersten Magäla dieser Geoponika. ) 

Der zweite Teil (pp. 73-153) enthält eine summarische Inhaltsangabe des 
Sir, Eine integrale Übersetzung zu liefern schien der Verfasserin wegen der 
Schwierigkeiten des arabischen Textes nicht angezeigt zu sein (p. 2). Ein 
fortlaufender Kommentar bildet den dritten Teil (pp. 154-232). Hier sind 
Begriffe erklärt, Quellen nachgewiesen, Parallelen beigebracht und Verweise 
auf Seknndärliteratur gegeben. Die Verfasserin bemuht sich, die mannigfachen 
Unstimmigkciten und Widersprüche des Werkes aufruzeigen, die iren Grund 
in der eklektischen Arbeitsweise des Autors haben. Das Sirr al-khaliqa wird 
als eine “unselbständige Kompilation, in welcher das Material der Vorlagen 
nicht zu einem widerspruchsfreien System verschmolzen ist”, charakterisiert 
(p.40). Insgesamt kann man der Verfasserin Belesenheit, vielscitige Kenntnisse 
und ein kritisches Urteil bescheinigen. Allerdings sind wir von ciner Lüsung der 
vielen Probleme, die das Sirr aufwirft, noch weit entfernt. 

Eines dieser Probleme ist die Herkunft nd Datierung des Werkes. Frau 
Weisser ist der Meinung, daB ein griechischer Autor anzunchmen sei (p. 52 f.) 
und daB das Werk noch im 8. Jahrhundert A. D. ins Arabische übersetzt wor- 
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A NOTE ON THE HORARY QUADRANT h9 


recension of Habash's zij (3rd-4th/8-9th century), though both authors gave 
the correct formula as well. Further, the formula (or equivalent) was used 
by later Muslim authors and underlies several tables to find the time from the 
height of the Sun or vice versa. Ît also oceurs in a Byzantine treatise on astro- 
nomy. Finally, al-Marräkushi cites it in his treatise on instruments.# The 
formula may be derived from a proof by Abü'l-Wafx’ (late 4/10th century) of 
a formula for the time in terms of solar altitude" that Habsah had stated and 
had probably obtained from 
Brahmagupta® (7th century 
AD). For we find in this proof 
(sce fig. 4), in which GZTD is 
the da: cle, TM and ZS are 
perpendiculars from T (the 
Suns position) and Z (the És y 
Sun'’s position at noon) to the 

horizon-plane GDA, that® 


p 


Fig 4 
TM : TL = SZ :ZE. 


Now TM : SZ = sin h H and, if only we take GZTD as a semicirele 
(which, of course, in general it is not), TL : ZE= cost. Actually, Abÿl-Wafa' 
does not make this approximation (or mistake), but goes on the prove Habash's 
correct formula. But the diagram, which in some form must surely have been 
drawn or thought of to find the correct formula in the first place, is suggestive, 
That formula (1), or its equivalent in geometrical terms, could have been derived 
from a mistake is shown by Würschmidt’s “derivation"’# of it by an error 
similar to that suggested above. Of course, the formula, which is correct for 
the equinoxes, may have been simply assumed for other times.## 

In sum, it is suggested here that the horary quadrant was the result of an 
adaptation — one of great geometrical ingenuity — of an instrumental solution 
of formula (1), which is an approximation of the true formula. How the formula 
was arrived at and who invented the instrument remain unknown to us, 


19. King, section, 2.5, especially note 21. For al-Kbwärizmi, King cites the Hebrew translation 
OfIbn al-Muthannä"e commentary on theZiÿ(Goldstein, pp. 81-83, 207-208). 

20. King, sections 2.5, 4.3 and 4.3.2. On al-Marräknehi, see Sédillot, p. 39. 

21. Abü'EWafs", first part. 

22. Nadir, pp. 460, 462. Al-Khwärismï (see note 19 above) uses the value 150, common in Indian 
astronomy, for the radius underlying bis treatiment of sines. 

23. Abñ'}-Wafs', p. 4. 

24, Wiürsehmidt, pp. 185-186. 

25. Thisis binted at by Wôrschmidt, p. 185, ad Cittert, p. 45. 
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sin à for the day when the declination is 8 — deviate little from those given 
by formula (1). The errors for the 8 a.m. / 4 p.m. line are the greatest, but even 
along the summer tropie, where the error is the highest for all hour lines, its 
deviation is only about 1949, equivalent to an error of a little over 8% minutes 
in non-seasonal time.® Siuce the other errors of the instrument — including 
those of reading the position of the bead and estimating the time when the bead 
falls between two hour lines — must often exceed a degree or two, such an error 
would have been acceptable and might even have passed unnoticed. For a 
contruction of this kind, however, one needs to assume that the bead is set at a 
distance of AC sin H from the apex À - a condition hard to justify a priori. 

Easily the most likely origin of the 
horary quadrant lies in a development 
of the instrument called by Millas'* 
quadrans vetustissimus. Instead of 
curved lines this instrument has a large 
number of parallel lines perpendicular 
to the side carrying the sight and 
reaching from them to the cireular arc. 
The quadrans vetustissimus is clearly 
related to the horary quadrant, since 
is bas a cursor, a thread, and a bead, 
which is again set at a distance AC 
sin H from À (see fig. 3)—albeit by 
means of the parallel lines — and it 
works on formula (1). The bead M is Ke. s 
put against the line KL corresponding 
to h (see fig. 3); and, since AL = AC sin h and AM* — AC sin H, angle CAM* 
will measure + according for formula (1) and can be read off on the scale.!” 
Since the horary quadrant, with its hour-lines, is easier to use, but is a less 
obvious embodiment of the formula, we must suppose that it was a develop. 
ment of the quadrans vetustissimus and not vice versa. Whether the quadrans 
vetustissimus was a specialisation of the sine-quadrant’® or the sine-quadrant 
a generalization of the quadrans vetustissimus is a matter for speculation. It 
can be noticed here that the sine-quadrant was usually supplied with at least 
one semicirele having a side of the quadrant as diameter, 

The equivalent of formula (1) is to be found both in al-Khwärizmi's 2j 
(early 3rd/9thcentury) and, in a calculation of the duration of twilight, in a 


15. Drecker, p. 86, gives 10, 13, 12, 9, 5 minutes for an instrument for latitude 489, 


16. Milläs, p 235. 
17. For four Latin descriptions 0f tbe operation of the instrument, see Millàs, pp. 225-226, 227, 


239, 239.240. There were other graphical solutions of formula (1) see, e. g., Sédillot, p. 26. 
18. For this instrument see Schmalsl, p. 62 et seg. 
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find the centre.“ In 153] Orontins gave al-MarräkushTs method, which he 
probably found in his medieval sources. 
The lines on the quadrant yield graphical solutions of the formula 


sin h = costsin H @) 


where # (in degrees) is fifteen times the number of seasonal hours before or 
after noon and is measured by angle CA F (the quadrant is actually graduated 
directly in hours after sunrise); À is the corresponding solar altitude and is 
measured by angle BAM; and H is the solar altitude at noon on the same day, 
measured by angle BAM’ (AM — AM'). Formula (1) is easily shown to corres- 
pond to the hour-lines, since AM/AF — AM'/AC — sin H, and angles M 
and Fheing right in semicirele AFY, 


AM: AF = sin AŸM sin AŸF = sin h :sint 


If the instrument were used continously from sunrise to noon, or from 
noon to sunset, on a day when the solar declination is $, the bead would trace 
out the on quadrant an arc of a cirele of centre À and radius AC sin H = AC 
cos (9 — 8), where 9 is the local latitude, But the quadrant seems not t0 be 
directly related to instruments, like the astrolabe, that directly imitate the 
motion of the Sun about the pole. The quadrant's scale serves not only 
to measure the time, but also the solar altitudes. The front of the astrolabe 
which certainly has curved seasonal hour-lines approximated by cireular arcs, 
measures altitudes quite differently. Besides, the radius of a parallel-cirele on 
the astrolabe corresponding to declination 8 is R cos 8/ (1--sin 5), where R 
is the radius of the circle representing the equator; and if, as is usual, the 
projection is from the South pole, these parallel-cireles are in inverse order 
to those found on the quadrant, where the smallest cireular arc traced out 
by the bead corresponds to the winter tropic. Furthermore, the hour-lines 
on the quadrant cannot be projections of the cireles of equal azimuth on the 
celestial sphere, since the hour-lines meet at only one point (A in figs. 1 and 
2. 

It is conceivable that the curves were formed by joining the appropriate 
positions of the bead found empirically or by calculation. Such procedures 
were indeed used by instrument-makers.* In fact the hour-lines so plotted 
for latitude 36° — on the understanding that the length of AM is set at AC 


12. Robertus Anglieus, pp. 599-600: et alius pes [of the compasses] extendatur … et queratur 
pünétus in linea AC. doneé pes existens in puncto À fat mobilis et tranceat per puncta À J directe"". 
4 and Care as in our diagram: His our F. 

13. Orontius, f. 188v, book 11, prop. VIIL. 

14. Michel, pp. 79-81; Higgins, pp. 109-114. 
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in Arabic describing the instrument.* Seasonal-hour diagrams of the same type 
were inseribed on the backs of astrolabes at least as early as the 4th/10th 
century, when “Abd al-Rabmän al-Süfi described them, and examples survive 
from the Tth/13th century.® The Latin treatise on the astrolabe attributed to 
“Messahala” mentions the lines, but this text has recently been shown to be 
a western compilation of elements of uncertain date, though the latter part 
of the treatise (on the use of the astrolabe) appears to be based on astrolabe 
treatises from the school of Ibn al-Säffar.* In the Museum of the History of 
Science in Oxford there is a splendid western example of an astrolabe carrying 
these lines — not, as usual, in one or both of the top two quadrants, but occupy- 
ing the entire back of the instrument.* Seasonal hour-lines on the backs of 
astrolabes appear to have been relatively popular in the medieval West,® 
and only went out of fashion in the mid-seventeenth century. 

The hour lines are drawn by dividing the are BC into six equal parts at 
points D, E, F,G, H, and joining euch of En points to À with a cirele whose 
centre lies on AC (or AC 
produced). Al-Marräku- 
shï, of the 7th/L3th cen- 
tury found the centre of 
the circle AF (to take an 
example; see figs. 1 and 2) 
as the intersection of AC 
and the perpendicular 
bisector of the straight 
line AF. at about the 
same time Robertus An- 
glieus described a tri 
al-and-error method to 


4 Prof. David King informs me that he is preparing for publication « nintb-century Abbasid 
Hragi treatise on the horary quadrant with ad withour cursor, found in a maouscript in fetanbul. 
‘The trentise easts no light on the earlier history of either instrument, aud the muthor makes n0 claim 
10 have invented either. 

5. ALSGN, chapter 174, p. 16. 

6. E. g the astrolabe of Sultan Abü'l.Façh Müsä. See Gunther, plate LIV (between pp. 234 and 
235). 

7. Kunitasch, especially pp. 45-46 and 56. The treatises on tbe astrolabe by John Philopouus and 
Severas Sebokht (see Gunther, pp. 61-81 and 82-103, for English translations) do not contain a desrip- 
tion of these lines. 

8. The inétrument belongs to Oriel college and dates, perhaps, form 1450. The borary-quadrant 
lines appear on a spherical instrument in the National Museum in Demascus.. 

9. See previous note by Professor North. 

10. Higgins, pp. 109-114. See Cittert, plates XVIII and XXI and p. 35 for late examples. 

11. MS Bodleian Hant, 201 (Uri 1, 902), ff. 69v-70r. 


A Note on the Horary Quadrant 


RicnarD Lorca* 


HE HORARY QUADRANT WAS OF THE FORMindicated in fig. 1. It 

is the purpose of this note to enquire about its origin. To tell the time, the 
instrument was placed in the same vertical plane as the Sun, the sights x and 
y were aligned with the Sun, and it was observed between (or on) which of the 
eurved hour-lines AC, AD, AE, AF, 
AG, AH — which severally represent 
6,5,4, 3,2, 1 seasonal hours after sun- 
rise or before sunset-the bead M was 
found. The straight line AB served as 
the zero hour-line. The seasonal hours 
thus measured (approximately) were 
each one twelfth of the time of day- 
dight. To set the bead at the right po 
tion for the day, it could be put against 
the noon-line, the curvedline AC, either 
when the Sun was sighted at noon or 
when the angle between the thread and 
AC was made equal to the sum or 
difference (as appropriate) of the local Fig 1 
latitude and the Sun’s declinaton for 
the day. In the latter case the addition or subtraction could be made with 
tables and calculation’ or by means of a cursor that slides round BC: We 
are here not concerned with the cursor, nor with extraneous lines on the 
quadrant, but only with the hour-lines. 

Examples of the horary quadrant, of Near Eastern provenance, survive 
from the 4-5/10-11th centuries”, and there are 3rd-4th/9-10th century treatises 


A 


* Institute for tbe History of Arabie Seieace, Aleppo Univereit 

It ie a pleasure to thank Professor David A. King, of New York University, for reading though 
this note, making several pertinent criticisms and supplying much information from his anpublished 
work (+ee particularly notes 4, 19 and 20). My thanks, too, go 100 Professor E. S, Kennedy for his 
patient advice and help. 

1. See Robertus Anglicue, p. 617. Here and eleewhere references are to the bibliography. 

2. Ibid,p. 615-616. For a photograph of a borary quadrant with eursor, see Poule, p. 19. Diagrame of 
such instruments are given by Schmalal, p. 127 (for Alphonso X'a quadrant) and by l'annery in 
Robertus Anglicus, p. 564. 

3. Maddison & Turner, p. 151 (items 70 and 71 in the catalogue). The dates are estimated. 
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Three European instruments, and two eastern, have concentrics, one of 
each set having been counted previously for its graduated alidade. The con- 
entries are at best for the divisions between zodiacal signs. In one European 
case, the concentrics are drawn as though for all solar altitudes between 0° and 
90°. The concentries on both eastern astrolabes are quite useless, being for the 
wrong latitude (see below). In only one case out of 41 has the maker given any 
indication that his unequal-hour lines are — as the graduations stand — of value 
at specifie latitudes. (I say latitudes rather than latitude, since in one of his 
quadrants the graduations are for latitude 520, and in the other for latitude 
490.) 

Thus out of our 41 instruments, only six are at first sight of any value 
whatsoever as horary instruments, and of these, only one is earlier in date than 
the sixteenth century. This solitary medieval exception is a Fusoris.type inet- 
rument, IC 192, and on eloser inspection it appears that the graduations on its 
alidade are worthless. The others, with their 1C numbers where appropriate, 
are: 1C 165 (Flemish ?, 1558); ace. no. 73-11/2 (Italian, 1558); IC 274 (German, 
€ 1580); IC 211 (French, 1595 ); IC 276 (German, 1609 + pasteboard); 1C 19 
Persian, AD 1641); ace. n0.57-84/164 (Indo-Persian, AD 1666 /7). 


In summary : out of 132 astrolabes examined, 41 instruments have the 
unequal-hour lines, and yet only four could have been used in at best a rough 
and ready way to find unaided the unequal hour. At a season well removed 
from equinox or solstice, only one of these (57-84/7, with its scale of mid-day 
altitudes) could have given the time with an accuracy approaching that of the 
main astrolabe, without the eurious technique of using the astrolabe as an 
auxiliary instrument, Not a single medieval instrument has survived in a form 
which would saggest that the unequal-hour lines were used meaningfully. 
But finally, we note the possibility of our using the graduations associated 
with the unequal hour lines (either the graduations on the alidade, or the 
concentries) as a means of deducing the geographical latitude for which the 
astrolabe (if properly constructed) was intended. 


Thus on IC 19, the best eastern example, the six o’olock line intersects the 
concentric for the summer solstice at a point P for approximate altitude 
(hown on the rim, when the alidade passes through P) 570, Subtracting 2329, 
the approximate geographieal colatitude emerges as 33349, making the latitude 
56449, a nonsensical result. (The four plates now with the instrument range 
from latitude 21940” to latitude 370. The instrument was made for a man in 
Mashhad, where the geographical latitude is 36° 21°). As a European example: 
on the instrument IC 211, made for Paris (48° marked) or Lille (51° marked), 
the horary quadrants (one of equal hours) prove to be of value at geographical 
latitude 50°, a very reasonable figure. 


Astrolabes and the Hour-Line Ritual 
JD. Norru* 


I: SEEMS TO BE COMMONLY BELIEVED that a standard part of 
the engraving of the back of an astolabe is a set of hour-lines forming, as 
it were, a double horary quadrant. Although 1 have made no systematic 
study of the extant astrolabes of the world, {have examined 132 astrolabes 
in the Museum of the History of Science in Oxford for unequal-hour lines in 
the form of circular ares, with rather surprising results. 


Out of a total of 57 European astrolabes from before the year 1800, 25 have 
these unequal-hour lines, whereas only 16 of a total of 75 eastern astrolabes 
have them. Of the 25 European astrolabes, 15 have the lines symmetrically 
arranged as between the two upper quadrants, whereas only two of the eastern 
16 have the lines in two quadrants, More siguificant is the empty ritual in 
accordance with which the lines are included on almost all of these 41 astrolabes. 
At best, the lines can give the (unequal) hour with an accuracy only about half 
as great as that given by the conventional astrolabe itself. At worst, the lines 
are carelessly drawn, unnumbered, very small indeed, and — worst of all - not 
associated with an auxiliary scale of solar positions. 

This auxiliary scale may be included in at least three different wa: 
1. Through graduation of the alidade. 


2 Through concentrie ares, crossing the unequal-hour lines, marking as 
many solar positions during the course of a year as possible, 

3. Through a scale of solar positions (mid-day altitudes) on the rim of the 
astrolabe. 

The third possibility is never found on the Oxford astrolabes, although one 
might have imagined that the idea would have occurred to at least one astrola- 
bist in history, for it is the alternative found on the ‘old’ quadrant-with-cursor. 
(On that instrument the date scale is movable, as it should be if the observer's 
geographical latitude is to be taken into account.) 

Graduation of the alidade is found on only three of the European instru- 
ments, and on on'y two of the eastern — in both cases ignoring graduations 
with a separate purpose. Out of 41 instruments, the alidades of 5 are lost, 
and of three or four are possibly modern. Even so, it appears that, at best, 
about one in six of the 41 instruments is likely to have left the workshop 
with a graduated alidade. 


* Fülosofisch Inst, der Rikjsuniversiteit, Westersingel 19. 9718 CA Groningen, The Nethcrlande, 
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Mathematics and Astronomy in the Works of scholars of the Medieval Orient, 


ed. by S. Kb. Sirazhdinov, Taskhent: Fan, 1977), 144pp. Contains seven 
articles. 


Mathematics in the Medieval Orient, ed. by S. Kb. Sirazhdinov, (Tashkent: 
Fan, 1978), 193 pp. Contains ten articles, 
From the History of Science in the Epoch of Ulugbek, ed. by S. Kb. Sirazhdinov, 


(T'ashkent Fan, 1979), 199 pp. Contains thirteen articles on a wide 
range of subjects. 


Isvestiya, Academy of Sciences of the Tadzhik SSR, Division of Biological 
Sciences, 1980, No.3, 116 pp. Fifteen articles about Ibn Sinë, to whom 
the volume is dedicated. 


Isvestiya, Academy of Sciences of the Tadzhik SSR, Division of Physico- 
mathematical, Chemical, and Geological Sciences, 1980, No.3 (71), 104 
pp. Dedicated to Ibn Sinä, the volume has ten articles about his work, 
concluding with a list of his writings in the natural sciences, 


NOTES AND COMMENTS 


Recent Soviet Publications in the 


History of Arabic Science 


The information below has been supplied by the directors of the Institnte for the History of Natural 
Science and Technology of the Academy of Sciences of the USSR (103012. Moscow, Staropanskii pes 
1/5) and the Institute of Oriental Studies of the Uzbek Academy of Sciences (700000, Tashkent, Pros 

Gor'kago, 81). AU the publications are in Russian. There are also many publications in Uzbek 
and Tajek, but they are not listed below. 


Selected Works of Ibn Sina, Vol. 1. Russian translation by A. M. Bogoutdinova, 
M. Dinorshoeva, et al. (Dushanbe: Irfon, 1980), 420 pp. 


Yu. N. Zavadovski, Abu Ali ibn Sina. Life and Work (Dushanbe: Irfon, 1980), 
302 pp. 

M. M. Voltaev, Abu Ali ibn Sina - Great Thinker, Scholar, Encyclopedist of the 
Medieval Orient (T'ashkent : Fan, 1980), 164 pp. 

Abu Ali ibn Sina. To 1000 Years Since the Day of Birth, 
ed. by M. B. Baratov, P. G. Bulgakov, and U. E. Karimov, (Tashkent: 
Fan, 1980), 248 pp. Fifteen studies of various aspects of Ibn Sinä’s work, 
including medicine, mathematics, astronomy, and music. 

N. G. Berozashvili, The “Tahrir Uklidis (Euclid)" of Nasir ad-Din at-Tusi, 
and the Lexico-grammatiaal Peculiarities of this Monument, a dissertation 
for the degree of candidate in philology (Tbilisi, 1980). 

A.T. Grigor‘yan and M. M. Rozhanekaya, Mechanies and Astronomy in the 
Medieval Orient (Moscow: Nayka, 1980), 200 pp. 


G. P. Matvievskaya and Kh. Tllashev, Mathematical and Astrenomical Manu- 
scripts of Middle Asian Scholars of the X-XVIIth Centuries (Tashkent : 
Fan, 1981), 147 pp. 

Nauchnoe Nasledstro (The Scientific Heritage), vol. 6, From the Physico- 
mathematical Sciences of the Medieval Orient, ed. by G. P. Matvievskaya, 
(Moscow: Nayka, in preparation). To contain treatises by al-Khäzinï, 
al-Birüni, al-Husayn, and al-Shiräzi, 

Ibn al-Haïtham. “Treatises on the Burning Mirror”, Istoriko-astronomicheskie 
Issledovaniya, 15 (1980), 305-338. The article gives translation and 
commentary. 


0 ÉLOGE 


Auswahl von 25 Schriften aus den Jahren 1934 — 1967. In den folgenden Jahren 
kam eine Reïhe gewichtiger weiterer Titel hinzu. Hartners Arbeiten sind 
Musterstücke interdisziplinärer, Fachgrenzen überschreitender Studien, die 
æugleich das Charakteristische der Leistungen innerhalb einzelner Kulturen 
wie auch die Verbindungen und Ubergänge zwischen den Kulturen und deren 
gegenseitige Einflüsse sichtbar machen. 

Der Verstorbene war über die Grenzen Deutschlands weithin bekannt. 
Er geizte nicht mit seinen Kräften und Kenntnissen und stellte sich bereit- 
willig in den Dienst wissenschaftlicher Gesellschaften und internationaler 
Gremien. Von 1971-77 war er ident der Académie Internationale d'His- 
toire des Sciences. Aus vielen Ländern wurden ihm im Lauf der Jahre Ehrun- 
gen zuteil, 

Willy Hartner vereinte in sich aufs glücklichste die Eigenschaften des 
grossen Gelehrten mit denen eines noblen Charakters und eines Freundes 
für alle, die seine Hilfe suchten. In gefährlicher Zeit - wird berichtet— bot er 
Bedrängten uneigennützig und ohne Rücksicht auf eigene Gefährdung tatkräf- 
tige Unterstützung. Wer mit ihm zusammentraf, fand in ihm den gewandten, 
welterfahrenen, kenntnisreichen Mann, dessen Umgang Genuss gewährte und 
Bereicherung schenkte, 

Die angemessenste Art, das Andenken dieses grossen Gelehrten zu ebren, 
wäre jetzt wohl, das Institut für Geschichte der Naturwissenschaften an der 
Universität Frankfurt im Geiste seines Gründers Willy Hartner weiterzuführen. 
Wenn es zunächst leider auch aussah, als ob dies nicht der Fall sein würde, 
gibt es in jüngster Zeit doch erfreulicherweise Nachrichten aus Frankfurt, 
die hoffen lassen, dass das Institut wieder belebt und Hartners verwaister 
Lehrstuh]l neu besetzt werden soll. 


Paul Kunitzsch* 


“Institut für Semitistik der Universität München. 
Die biographisehen Angaben stützen sich auf den Nachruf von Matthias Schramim in der Frank- 
furur Algemeinen Zeitung vom 21.5.1981. 


Éloge 
WILLY HARTNER 
1905 — 1981 


Am 16. Mai 1981 verstarb in seinem Haus in Bad Homburg nahe Frankfurt 
plétzlich mitten aus dem Leben und Schaffen heraus Willy Hartner, Mit ibm 
verlor die Welt der Wissenschaft einen ihrer universellsten Vertreter. Seine 
Kenntnisse und seine Urteilskraft umschlossen den Raum von Ostasien bis 
ins germanische Skandinavien, die Zeitspanne von den Babyloniern über die 
Renaissance und Copernious bis zu Newton und Einstein. Am 22. Januar 1905 
in Ennigerloh /Westfalen geboren, hatte er sich in seiner Ausbildung, einer 
familiären Tradition folgend, besonders den Naturwissenschaften gewidmet 
und zunächst Chemie studiert. Nachdem dieses Studium erfolgreich abgesch- 
lossen war, wandte er sich der Astronomie zu und absolvierte auch darin ein 
fruchtbures Studium, das er 1928 an der Frankfurter Universität mit der Pro- 
motion beenden konnte. Er arbeitete dann hier an der Universität weiter und 
geriet dabei zunehmend in den Sog der Geschichte der Mathematik und der 
Naturwissenschaften, die freilich nur in Form einer losen Interessengemeinschaft 
interessierter Gelehrter betrieben wurde und die noch nicht ihre Heimstatt in 
einem eigenen Institut gefunden hatte. Seine Begabung und seine weitge- 
spaunten Interessen kamen schon bald zum Durchbruch: er arbeitete am China- 
Institut der Frankfurter Universität über Gegenstände zur Geschichte der 
Naturwissenschaft in China, und im Kreise der Vülkerkundler um Leo Frobe- 
nius über Zahlen und Zahlensysteme bei Primitiv. und Hochkulturvülkern. 
1935-37 war er Gastprofessor an der Harvard-Universität, wo er im Umgang 
mit George Sarton seine Beziehung zum Studium der Geschichte der Natur- 
wissenschaften weïter vertiefen und verfeinern konnte. Nach der Rückkehr 
nach Deutschland und weiteren Arbeitsjahren in Frankfurt erhielt er 1940 
eine Dozentur an der Frankfurter Univers Auf seine Initiative hin wurde 
schliesslich 1943 an der Frankfurter Universität das Institut für die Geschichte 
der Naturwissenschaften eingerichtet, déssen Leiter er bis zu seiner Emeri- 
tierung war und dessen Adresse unzähligen Kollegen und Schülern in aller 
Welt als Anlaufstelle wohl bekannt war, wenn sie Rat, Hilfe und Austausch 
von Meinungen suchten. 

Von der einmaligen Begabung Willy Hartners, seinen vielfältigen Sprach- 
kenntnissen, seiner Beherrschung der naturwissenschafilichen Probleme und 
Verfahren und seinem sicheren Blick bei der historischen Bewertung und 
Einordnung der Phänomene zeugen unübersehbar seine zahlreichen Schriften, 
Die 1968 in Hildesheim erschienene Sammlung Oriens — Occidens vereint eine 
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smuel Landauer, ed., Themistii in Aristoulis Meiaphysicorum Librum À Paraphrasis. 
et Latine, Cormentaria in Aristotelem Gracea, vol.V, part V (Berlin, 1903). 


. Lewin, ‘Notes sur un texte de Proclus en traduction arabe", Orientalia Suecona, 4(1955), 
101-108. 


Lorch: Richard Loreh, AL 
Arabie Science, 4 (1980), 287-329, 


“Sphere That Rotates by Itself®®*, Journal for tha History of 


Mauhaeï: C. F. Matthaeï. Nemesins Emesenus De natura hominis (Halle: J. J. Gebauer, 1902). 


Pines, 1955: S. Pives, ‘Une version arabe de trois propositions de la Zrosyelaotc Üecauyieñ 
de Proclus!", Oriens B (19SS), 195-203. 


Pines, 1961: S. Pines, **A New Fragment of Xenocrates and Its Implications’, Transactions of the 
Americon Philosophical Society, N. S. 51/2 (1961). 


Pingree: David Pingree, The Thousands of Abä Ma"shar (London: The Warburg Institute, 1966). 
Sbath: Paul Sbatb, Bibliothèque de Manuserirs, 3 vols. (Cairo: Friedrich, 1928-1034). 


Storey: C. À, Storey, Persian Literature, à Biv-bibliographieal Survey, Vol. }, part 2 (London: Lac 
and Company, 1972). 

Suter: Heinrich Suter, Die Mathematiker und Astronomen der Araber und ihre Werke (Leipai 
1900). 


Talfer: Williara Telfer, Cyril of Jerusalem and Nemesius of Emesa, The Library of Christian Classics, 
Vol. IV (Philadelphia: The Westminster Press, 1955). 


Türker: Mubahat Türker, “Yahyà ibu-i Ad'uin varlklar hakkiodaki makalesi®”, Ankara Univers 
Dit ve Torih-Cografya Fakültesi Dergisi, 17 (1959), 145-157. 


Ulimann: Manfred Ullmaun, *‘Zur arabischen Überlieferung der Disputatio de anima ad Tatienum 
des Gregorios Thaumaturgos"”, Der Jalam, 54 (1977), 114-111. 


Van Ess: Josef van Ess, +‘ Über einige neue Fragmeote des Alexander von Aphrodisias und des Proklos 
in arabischer Übersetaung"", Der Jolam, 42 (1966), 148-168. 


'eubner, 


Van Riet: Simone van Riet, Stoicorum Veteram Fragmenta arabica", Mélanges d'Islamologie, voluroe 
dédié à la mémoire de Armand Abel, sous la rédaction de P. Salmon (Leiden: Brill, 1974), pp. 
254268. 

Verbeke & Moncho: G. Verbeke et J. R. Moncho, Némésius d'Émèse, De Natura Hominis. Traduction 
de Burgundio de Pise (Lei 1975). 

Wiedemann: Eilbard Wisdemann, Aufsètse sur arabischen Wissenschaft, 2 volumes (Hildehei 
1970). 

Yohyä: “Uthman Yahy 


Shihäb_al-Din al-Suhrawardi … 
lEkitab, 1394/1974). 


# Or, 


ed.. “ALSubuf al-yünsaiyya"”, in Al-Kidb al-Tidhkéri: Shaykh al-Tehräg 
ed. LB. Madkour (Cairo: AÏ-Hay'at al-Migriyyat al-‘ämma 


Zohiriyya Catol.: Fihris_makhfüfôt dér al-kutub ol-Zéhiriyya: Vol. 6, Ibräbim Khüri, “Jim oLhoy'a 
tea-mulhagätuhu (Damascus, 1969). Vol. 8, Abd al-Hamid al-Hasan, Al-Falsafa wa'/-manfig wa- 
&làb aLbath (Damascus, 1970). Vol. 12, Muhammad Salah “Ayadi, Al-Riyädiyyat (Damascus, 
1973). 
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21. Why were some things created prior 10 others, and why were they not created all at once? 
Luis ÿ GE ds Lee Wie à Late Qi GE pl ele 


22. Why have we said that all thinge are dependent on God and are realired through Him, while 
we have stated elseuhere that God is realized from the various created things? 


LS lois Se le Gi of Ty dE 259 € Lei ds A Lili LS 
23. Why have wesaid that God cannot be realized from a demonstration or a definition ? 
La V3 dt 5 ju Ÿ US à Of EU Y 

24. Why is God's (existence) demonstrated in a negative and not a ; 


JU 4 


tive way? 
Vole)l 52 Ÿ CN ge 2e des 3e 5 Je ga KES oLe y 
25. How does ane reilise the attributes of God even though He cannot be described? 


Len VE ds di àl oies y Cas 

26. Why does every existing thing, in general, bave (only) one name whereas God has many? 
Liu Jus 3 dl pl LI ST ÿ 39739 JO je 

27. Why is it said that some attributes of God are essential while otbers are not? 

LAS ie y 215 à coli Lsy à] 54 
28. Why does one sxy ‘the realisation of God”, *‘the realisation of His unity"", ad ‘someone 
bas realized God”, but seldom does one say ‘someone knows God", *‘he knows the unity of God", 
or “he knows (  )"*? Realization is by sense perception, while knowledge is through tbe intellect; 


God, however, ir an intelligible and not a sensible. What (then) is the diference between realiration 
und knowledge ? 


{ À pes as Jos à le Go dla Le JE, à 5 je O9 ds Gi pes Gi ju JU À 
pis 35 dl ce Gi Les pe Y dyte Sls Jaut Lis EU 5385 Le] 5 At 
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7. Why is the proof of the unity of God that derives from the motion of the heavens sounder than 
the proof from all the other motions? 
PAL pr ca 2 ice Le pool AL 3 de 5 Je HAN Se ge à dns Le ne 
8. Why is the evidence from the motion of the beavens for the Prime Mover, which is external to 
it, greater than (the motion"s) evidence for its being natural (motion) or (motion) of a soul? 
Sail! dat Lie Use SU ee GA J 38 9 Je A > Us cola 
9. Why did the Logician determine that the motion of the beavens is natural, of a soul, and from 
s mover? 


ae gb uls Qh,ies Kb ali Je gui ee pe 
10. Why do the Logician's statements concerning the reason for the mation of the beavens contra. 
diet one another? 

Lo) Uni ILE EN Se en ÿ hall cote ab robe} 

11. Why have we said that some things move by themselves and other things move due to some 
thing else; and then, in the end, we assert that everything is moved by the Prime Mover? 

Amd og don LE lune Of 2287 Ja Le f agde 9 Le Las aie ns Le Les AL Of LA 4 

sd 


12. How does one prove that the Prime Mover does not move in any direction? 
Lol 2e dns are) JU 9 all Je déc pe 
13. How does one prove that the Prime Mover is not s body? 
Le ue 541 2 it of Je dis ge 
14. How does one prove that the Prime Mover is eternal ? 


8 Qt ds 4 ai of Je dau ge 
15. How does one prove that the Prime Mover is simple? 
LL J 391 2 au Of je deu 
16. How does one prove that the Prime Mover ie one? 
Las J5 dat 6! Je dau pr 
17, How does one prove that the Prime Mover is the cause of all existiog thinge, the Creator of 
All created things, and the giver of life to all living ereatures ? 
BR LS qu (Os) Se Bogoll ALI QE AL pe Jo 4 pu à je dus ge 
SOA pet gonll 
18. Why have we stated that God originated something from nothing, wbereas we observe that 
He creates all things from what (already) exists? 
ç 271 ag Ge 229 der LE LE ASS uen Lalonde N age Eat CUT 
19. Why have we stated in logic that substance is self-subsistent while in theology we say that 
it subsists through the power of God ? 
€ de à à 8 p.92 Le] AVI des GE, ès F0 Last d! Laltl 601 LS 4 
20. Why did God create the world and what was the reason that occasioned it? 
La ll Les fl à le f 
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itis a rather early example of an elementary text intended for teaching pure 
poses. Following Ibn Bahris's page-and-a-half introduction, the rest of the 
work consists of a series of schematie diagrams. 


No. 41. f. 132b-133b, Hujaj Ubruqlus allati yubarhin bihä anna al“älam 
abadi (Proclus’ Profs that the Universe Is Eternal). 

Edited in Badawi, 1955, pp. 34-42; see Endress, Proclus, pp. 15-18; French 
translation of the first proof in Badanoi, 1968, pp. 19-20. 


No. 42. f. 1Ma,b Masñil Furuqlus fi al-ashya’ al-tabi‘iyya ) Questions on 
Physical Matters), by Proclus, 
Edited in Badawi, 1955, pp. 43-49; see Endress, Proclus, p. 26. 


No. 43. ff, 135a-144b. Kitäb fi al-umür al-iléhiyya (A Book on Theological 
Matters), by Ab Ahmad b. Ishäg al-Isfizars. 

Concerning the elusive al-Isfizäri (8. middle of 10th century A. D.), see 
Gimaret (esp. pp. 153-163). This MS represents the only known surviviug text 
of the author, who is not to be confused with abü Hätim al-Muzaffar b. Ismäil 
al-Isfizäri, the contemporary of Omar Khayyäm mentioned by al-Khäzini 
in his Mizan al-Hikma (Introduction, fourth fasl, and more extensively later). 
Hence a table of contents in English translation is given below, each item 
followed by its Arabic original. 

In the colophon the author states that he has completed this work while 
awaiting unjust execution in a prison in Khuwärizm, this in spite of having 
obeyed God’s command to seek the truth and to live according to it, to the 
extent of his ability. 

Table of Contents 
1: Why do we not sense the Prime Mover, for it is atronger than that wbich is moved and we do 
sense the thing moved? 
FD és dell ge sp DS 5 4 Ë Ÿ 591 4 pt Led 
2. Why are the intelligibles more permanent and yet less accessible than tho censibles ? 
Fotos Gels Ai Hal © je À 
3. Why is the discussion of thcologieal matters more difficult than that of other fields of knowledge? 
Spb 50 ee cncl 2aÿ 5281 PIE Le 4 
4. Why ie the aim of all philosophy the realisation of God and tbe following of His commandment 
and action ? 
fasse b(s 
5. Why is the realization of the uni 
firat of all things ? 


SI ) ec Vs des 3e 2% pe pue vd de} 
of God the last step in all of philosophy, wherens God is the 


SA ge di gl à, er Ale Tag pe ge À 
6. Why is the most convincing of the indications by which one shows tbe way to the realisation 


of the Creator taken from motion ? 
PAS 5e Je 2e GI pe Je Le dis SV pe 4 
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No. 37, f, 119b-123a Magla 5 al-radd alà Magsimtüs 5 tablil al-shakl al- 
thäni wa’lthälith il3 al-awwal (A Treatise in Refutation of Maximus” Reduction 
ofthe Second and Third Figures of the Syllogism into the First), by Themistius 
(author of No. 6 above, which see). 

Edited in Badawi, 1947, pp. 309-325. French translation in Badawi, 1968, 
pp. 166-180. 

At the bottom of f. 123a is a selection from Kätäb al-Mufid by a certain 
Abü ‘Abdallah (the rest of the name is illegible). Possibly it is a fragment 
ofthe Mufid al-°ulüm wa-mubid alhumüm by Jamäl al-Din abü “Abdallah 
Muhammad b, Ahmad al-Qazwini (see GAL, GI, p. 499; SI, p. 914). 


No. 38.ff. 123b, 39b1-39b15. Ajwibat al-masä’il al-wärida min balad al-Shaykh 
al-Fadil al-Hakïm Abï al-Khayr al-Hasan b. Suwär (Answers to the questions 
posed or answered by Ibn Suwär). 

The author (b. 331/943) was a logician and philosopher of Baghdad who 
studied under Yahyä b.Adi. It is difficult to decide from the title whether he 
has posed the questions which are here being answered, or whether he is the 
respondent. It is clear from the text, however, that the person asking the ques- 
tions is either ignorant of, or else wishes to challenge, basic Aristotelian notions. 
Since the answers follow the standard Peripatetic formulations, it would seem 
that the questions are being answered by Ibn Suwär. 

There are three questions: (1) On whether fire can be both a substance 
Gawhar) and a body (fism), (2) concerning the problem of the form of an element 
falling under two genera, and (3) can a substance have an opposite ? 


No. 39, #. 125a-128b. Risäla fi al-madkhal ilä ‘ilm al-mantiq (Introduction 
to Logic), by Abü al-Hasan “AJ b, Ahmad al-Nasawï (author of No. 26 above, 
which see), 

There is a note in the beginning to the effect that this text was copied from 
a copy in the hand of one of al-Nasawï’s students, to whom the work was 
dictated. The work follows the normal order of the Organon and seems to be, 
as the title states, an introduction to logic in much the same way that the 
Tajrid (No. 26) is an introduction to geometry, There is one schematic drawing 
on f. 126a, À note at the bottom of 128b discusses the “universal intellect” 
and the “world soul”. 


No. 40. ff. 120a-132a. Kitäb taqyïd budüd al-mantiq allati wada‘a Aristätälis 
al-faylasüf (A book Setting Forth the Definitions of Logic Established by 
Aristotle the Philosopher), compiled by “Abd Yashü° b. Babriz, archbishop 
of Mosul during the reïgn of the Caliph al-Ma’mün (see CCAL. vol. 2, pp. 
119-120). 

We are told in the introductory sentences that this work was compiled 
for the Caliph al-Ma’mün in order to aid in the understanding and memorization 
of the basic definitions and classifications of logic, As such, it seems cléar that 
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Edited in Badawi, 1947, p. 283: see Dietrich, p. 94. and Van Ess, p. 150; 
French translation in Badawi, 1968, pp. 145-6. 


No. 31. 1142. Magéla fi anna al-quwwat al-wähida yumkin an takün qâbila 
Bladdäd jami‘an ‘alé ray Arisütälis (A Treatise to the Effect that It ls 
Possible for One Faculty to Reccive Simultancously Opposite Stimuli, accord. 
ing to the Opinion of Aristotle), by Alexander of Aphrodisins. 

Edited in Badawi, 1947, pp. 284.5; see Dietrich, p.95, and Van Ess, p. 150; 
French translation in Badawi, 1968, pp. 147-8. 


No. 32. f. 114a,b. Magäla fi anna al-mukawwan idbä istahäl min “adamihi 
istahäl min diddihi ay dan maan ‘alära’y Aristütülis (A treatise to the Effect that 
the Generated Being, when It Is Transformed from Non-existence, Is also 
Transformed from Its Opposite Simultaneously, according to the opinion of 
Aristotle), by Alexander of Aphrodisi: 

Edited in Badawi, 1947, pp. 286-8; see Dietrich, p. 95, and Van Ess, pp. 
150-1; French translation in Badawi, 1968, pp. 149-50. 


No.33, f 114b. Magäla fi al-süra wa-annah3 tamäm al-haraka wa-kamäluhä 
“alà ray Aristä (A Treatise to the Effect that the Form Is the Completion and 
Perfection of Motion, according to the opinion of Aristotle), by Alexander of 
Aphrodisias. 

Edited in Badawi, 1947, pp. 289-90; see Dietrich, p. 95; French translation 
in Badaui, 1968, pp. 151-2. 


No. 4. f. 115a, Magala fi itbbät alsuwar al-rGbäniyyat allati 1 bayülä 
lahä (A Treatise on the Establishment of the Spiritual Forms Which Are Devoid 
of Matter), by Proclus. 

Edited in Badawi, 1947, pp. 291-2; also in Endress, Proclus, with German 
translation and study, pp. 12-18, 260-266; see Dietrich, p.95. Pines, 1955, 
and Lewin, have pointed out that this treatise, in the MS attributed to Alexan- 
der, is actually Propositions 15-17 of Proclus* The Elements of Theology. 


No. 35, £.115a,b. Magäla fi anna al-f°1 a‘arom min al-haraka “alü ra’y Arist 
(A Treatise to the Effect that Action ls More Comprehensive than Motion, 
according to the opinion of Aristotle), by Alexander of Aphrodisias. 

Edited in Badawi, 1947, pp. 293-4; see Dietrich, p.95; French translation 
in Badawi, 1968, pp. 153-154. 


No. 36. Æ. 115b-119a. Magäla fi anna al-fuçül allati bibä yuqassam jins min 
alajnäs (A Treatise to the Effect that the Characteristice by which One 
Genus Is Distinguished from Another …), by Alexander of Aphrodisias, 

Edited in Badawi, 1947, pp. 295-308, sec Dietrich, p. 96: French translation 
in Badaui, 1968, pp. 155-165. There are glosses by Abü Bichr Mattä b. Yünus. 


A DESCRIPTION OF ZAHIRIVYA 4871 101 


this is difficult to read, but it is well worth translation in extenso. Apparently 
the scientist was a wéll-to-do citizen of Rayy (near modern Tehran) who kept 
open house for students who came to study under him.He would sit, surrounded 
by books, to consult when callers asked questions. When thirsty he pulled 
on a rope, at the end of which was a jug. There Avicenna visited him, to consult 
about the Qanën; also another savant, whose name defies reading. 


The following eleven treatises (with the exception of No. 34) are by the 
third-century Peripatetic philosopher Alexander of Aphrodisias. For a discus- 


sion and ogrh L of the Arabic Alexander, see G. Strohmaier's article 
“Al-Iskandar al-Afrüdist” in EL°, vol. 4, pp. 129-130. 


No. 27. ff. 107b-112b. Maqäla f5 al-qawl fi mabädÿ al-kull bi-hasab ray 
Aristätälis (A Treatise on the Doctrine Coneerning the Principles of the Uni- 
verse According to the Opinion of Aristotle), by Alexander of Aphrodisias. 

Edited in Badawi, 1947, pp. 253-277. There are other MS copies; for a 
bibliography, see Dietrich, p. 93, and Van Ess, p. 150. À French translation 
isin Badaui, 1968, pp. 121-139. 


At the bottom of f. 112b are short quotations from al-Kindi, Ibn al-Tayyib 
and Thäbit b. Qurra. 


No, 28, f. 113a. Hal al-mutaharrik “alä Siam mä yataharrak Î awwal 
barakatihi “alä awwal juz’ minhu am 12 (For an object moving along a given 
distance, does it move, at the beginning of its motion, along the Grst part 
{of the given distance) or not ?), by Alexander of Aphrodisias. 

Edited in Badawi, 1947, pp. 278-9; see Dietrich, p. %; French translation 
in Badawï, 1968, pp. 140-141. 


No. 28a. £. 113a,b. An qawl Aristätälis fi kitäb al-nafs: inna al-hayawan 
al-kulli.…. (On the Doctrine of Aristotle in De anima that the Universal Living 
Creature …), by Alexander of Aphrodisias. 

Edited in Badawi, 1947, pp. 2179-80; sec Dietrich, p. 94; French translation 
in Badauwi, 1968, pp. 141-142. In the MS, this treatise appears as part of the 
preceding work. 


No. 29. f. 113b. Magälafs al-radd “alä Ks (in) qrâtis fi anna al-yära qabl 
aljins … (À Treatise in Refutation of Xenocrates’ (assertion) that Species 
Precedes Genus...), by Alexander of Aphrodisias. 

Edited in Badawi, 1947, pp. 281-2; see Dietrich, p. 94. French translation 
in Badawi, 1968, pp. 143-4; English translation and study in Pines, 1961. 


No. 30. £. 113b. Magala fi anoahu qad yumkin an yaltadhdh al-multadhdh 

wacyahzan mafan ali ra'y Aristä(A Treatise to the Effect that It Is Possible 

that the Happy (individual) Be Simultaneously Happy and Sad, according 
10 the opinion of Aristotle), by Alexander of Aphrodisias. 
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the length of the Prophetslife, the fall ofthe Persian empire, vise ofthe “Abbä- 
sid dynasty, and 50 on. Professor David Pingree remarks that this document 
utilizes not only inferences from conjunctions, but also the concepts of intiha 
and gisma. 


No. 26. ff. 86a-106b, 145a. Kitäb al-tajrid fi usül al-handasa (An Epitome 
of the Elements of Geometry) by Abü al-Hasan AIï b. Ahmad al-Nasawï 
(8. 5/11th century). 

The book is dedicated to a certain Imäm al-Murtadä al-Fakbr b. abi al. 
Hasan al-Mutahhar b. Sayyid al-Zaki Dht al-Hasabayn b. ab al-Qasm (?), 
Itis a textbook for beginners ia geometry. In the colophon the author suggests 
that students who have completed his book may then turn to the Elements 
of Euclid. 

The book consists of an introduction and seven treatises (maqälät); within 
the treatises propositions or sections are numbered in the margin. 

Treatise 1 (f. 86b): definitions of geometric entities — point, line, surface, 
ete. There are theorems involving intersecting lines, parallels. and triangles; 
in particular the Pythagorean Theorem. 
ise 2 (£. 90) : seems to be an introduction to geometric algebra, 
involving the representation of arithmetic operations by geometric figures. 

Treatise 3 (f. la) : introduces circles and theorems involving chords, 
tangénts, inscribed angles, and such-like. 

Treatise 4 (f. 94a): involves polygons inscribed in or cireumseribed about 
a circle, 

Treatise 5 (f. 95b): is on the theory of proportions, including combined 
ratios, 

Treatise 6 (f. 99a): deals with similar figures and their properties, especially 
triangles, 

Treatise 7 (f. 103a): introduces solid geometry, including considerable 
material on the properties of spheres. 

The colophon (£. 145a) recommends that one who seeks further enlighten- 
ment may study the author's Kitb al-balägh, a commentary on Euclid's 
Elements. This copy of the Tajrid was completed in the last part of Dha al- 
Qa‘da, 557/ November, 1162. 

The book seems not to be of fundamental importance. Nevertheless its 
contents should be studied in detail. Mr. Mustafa Mawaldi, of the Institute for 
the History of Arabic Science, University of Aleppo, is preparing a critical 
edition of the Tajrid. 

(Cf. GAS, vol. 5, pp. 345-8, which bas other references). 


ALNasau?s Life-Style 
The lower part of f. 1A5a is taken up with a paragraph of recollections by 
a certain judge, al-Sanawbari, about al-Nasawï, his life and times. Much of 
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No. 20. £. 82a19-82b. Jawäb Ab al-Waf° Muhammad b. Muhammad al- 
Büzjänt ‘ammä sa'alabu al-Fagih Abü “Al al-Hasan b, Härith al-Hubübi 
(The Answer of Abü al-Wafa” Muhammad b. Muhammad al-Bizjäni to a Ques- 
tion Put Him by the Jurist Abü “Ali al-Hasan b. Härith al-Hubübi). 

This text has been published in facsimile in Kennedy & Mawaldi, together 
with a paraphrase using modern symbols and a commentary. In it the famous 
scientist Abo al-Wafa (328/040-387/907) was challenged by al-Hubübi to 
produce and prove a rule for caleulating the area of a triangle in terms of its 
sides. He gives in fact three such rules, none identical with the well-known 
“Heron’s Rule”, but all, of course, equivalent to it. 


No. 21. f. 83a. Risäla fi istikhräj samt al-qibla (A Paper on extracting the 
Direction of Prayer) by Nasr b. “Abdalläh (al-©Azïzï, fl. 4/10th century, see 
GAS, vol. 5, p. 314; vol. 6, p. 208) the Geometer (muhandis). 

The author's method avoids the difficulties of trigonometric computation 
by plotting the coordinates of Mecca and the locality in question upon a 
physical hemisphere, the base of which is the local horizon - plane. Then the 
required azimuth is constructed. 


No. 22. f. 83b. Al-burbän “alä arna al-falak laysa huwa fi ghäyat al-saf3" 
{A Proof that the Heavens Are Not Completely Transparent), by Ab Sa‘d 
al-SAÏ” b. Sab] (the author of No. 19 above, which see) . 

There is a reference to the fifth treatise of Ptolemy’s Optics. The treatise 
bas four figures. In the colophon is a remark to the effect that this version 
was copied from a copy made from a copy in the hand of Ibn al-Haytham. 


No. 23. f. 84a. À page of quotations from Aristotle, Hippocrates, Galen, 
Ptolemy, Apollonius (Balinäs), and Plato. 


No. 24. f. 84b. AI-Adab al-saghir (The Small (Treatise on) Good Manners). 

Despite the title, this page of aphorisms does not correspond to Ibn al- 
Mugqaffa®s well-known and oft-printed work (cf. GAL, Sl, p. 233). But as M. 
Kurd “Ali has pointed out, this work does contain many of the same sayings 
10 be found in the text of a Cairo MS called Kitäb al-Adab. This latter work, 
which is likewise attributed to Ibn al-Muqaffa‘, was published in Kurd “Ali, 
Rasa'il (second edition, p. 118). In subsequent editions those additional sayings 
from the Zähiriyya MS (some 70 in all) were published as a supplement. À 
selection of them can also be found'in Kurd Ali, Makhtür. 


No. 25. £. 85a. This is the last page only, including a colophon, of an astro- 
logical work by a certain al-Raäzi, 

It is evidently another example of the category of world histories based 
on Jupiter-Saturn conjunctions (see e.g. Pingres). This one is centered on the 
rise of Islam, establishing correlations between astrological indications and 
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The full name of the author (d. 379/990) was Abü Hämid Ahmad b. Mubam- 
mad al-Saghäni, see GAS, vol. 5, p. 311; vol. 6, p. 217, which spells it Säghänt 
and which gives other references. This is another example of a category of 
astronomical writing which commenced with Ptolemy's “Planetary Hypo- 
theses"” and which was carried on by Küshyär, [bn al-Shätir, al-Käshi, and 
others (see Goldstein & Swerdlow). 

Al-Saghänÿ’s paper has three chapters: the first is an introduction, the second 
is on planetary distances, the third on planetary magnitudes. He refers 10 a 
book by Thäbit (b. Qurra) and to one by Abü Ja‘far Muhammad b. al-Husayn 
(cf. Suter, p. 80) thus increasing by one the writings ascribed to the latter. 


No.17. f. 80a,b. Risäla Mahmüd ibn abi al-Qäsim al-täjir fi al-ibtiyal lie 
mafrifa miqdärayu min al-dhabab w'al-fidda fi jism murakkab (A Paper by 
Mahraüd b, abi al-Qäsim the Merchant on the Determination of the Amounts 
of Gold and Silver in an Alloy). 

Who Mahmüd b. Abi al-Qäsim was we have not a clue.This treatise, however, 
is a work of “Umar al-Khayyäm and has been printed and translated several 
times, The treatise (or parts of it) either occurs separately (as here) or as part 
of al-Khäzint's Mixän al-Hikma (Hyderabad, 1359 H., 87,1 92,). It should 
be noted that there are a aumber of variations between our copy and other 
versions, particularly in the beginning. (For the complete bibliography, see 
Youschkevitch and Rosenfeld’s article “AÏ-Khayyämï”, DSB, vol. 7, p. 332). 


No. 18. f. 80b, Mas‘ala handasiyya ((two) Geometric Problem(s)). Anony- 
mous, (wo figures) . 

The author first announces and proves the trivial theorem: in any right 
triangle the diameter of the incirele is the excess of the sum of the two legs 
over the hypotenuse. 

He then proves that for any triangle the diameter of the incirele is equal 
+0 the area divided by the perimeter. In so doing he uses a theorem he attributes 
10 the Banû Müsä to the effect that the area of a triangle is the product of the 
semiperimeter times the inradius. He also states that the area of a triangle 
can be calculated in terms of its sides, thus assuming knowledge of Heron's 
Theorem or its equivalent (see No. 20 below). 


No. 19. #. Bla-82a. Risäla fi al-älat al-muhriga (A Paper on the Burning 
Instrument) by Ab Sa‘d al. Al" b. Sahl (The author of No. 22 below, 5 figures), 

According to Sezgiu (in GAS, vol. 5, pp. 341-2; vol. 6, pp. 232-3) the author 
lived in the 4/10th century, but no reference names this particular treatise. 

The problem posed is to construct a device to burn an object from a given 
distance, either by refraction (yanfudhu) or reflection, However, in the discus- 
sion only reflection is discussed. À parabola is mentioned, so that the contriv- 
ance is no doubt a parabolic mirror. Most of the text consists of geometric 
proofs. 
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Question 15, a solar eclipse. 

Question 16, a matter concerning the king. 

Questions 17 and 18, the rise or fall of a price (f. 75b). 

Question 19, on encountering the euemy at the beginning of a war, 

We find no mention in the literature of a work of this sort attributed 10 
Khayyäm, see e.g. DSB, vol.1, pp. 323-334. 


No. 12. £. 75b. San‘at al.älat al-zamriyya li-Iliyüs al-Hakïm (Construction 
of the Whistling Instrument by Îliyüs the Sage). 

The device is illustrated by a complicated, poorly drawn figure, which 
with the explanatory text, takes up only half of a page. The mechanism is 
water driven and involves a gear train, valves, levers, and two pierced floats 
(tarjahära). 

The author’s name is probably a mistranseription of Abulinüs (only a slight 
emendation is needed). The text is a short account of the “fluting machine” — 
described in a treatise on musical automata ascribed to “Apollonius the 
Carpenter”. For MSS of this, see GAS, vol. 5, p. 143, and Hill, pp.15-16. Wiede 
mann, IT, pp. 50-57, gives a German tran n of the part on the “ fluting 
machine”, 


No.13, f. 76a. Amal äla li-giyäs al-kawäkib al-thäbita (Construction of an 
Instrument for Taking Measurements of the Fixed Stars). Anonymous. 

From a drawing it seems that the device is simply a vertical, circular pro- 
tractor cquipped with an alidade for taking altitudes. 


No. 14. #. 76b-77a. Na°mal äla yu‘lam bihä “amüd kull jabal wa-1ül kull 
ba’iç wa-irtifi" kull shay” aradnähu (We construct an instrument for determine 
ing the height of any mountain, the length of any wall, or the altidude of 
anything desired), Anonymous. 

There are four simple drawings. The material scems to consist of applica- 
tions of elementary geometry. 


No. 15. ff. Ta-78a. “Amal al-sandüq li°l-safät (Operation of the Hour Box). 
Anonymous, 

On £. 17h are two simple drawings; on f. 78a eight drawings of details plus 
one (or two) crude but very complicated ropresentations of the whole apparatus. 
It is apparently water driven .There are twelve small metallic spheres, one 
for each hour, presumably to be dropped at appropriate instants. There is a 
semicircular dial containing the names of the zodiacal signs, perhaps to make 
arrangements for the seasonal hours. 


No. 16. 8. 78b-79b. Magälat al-Saghäni fi al-ab‘äd wa’l-ajräm (Al-Saghänis 
Treatise on (Planctary) Sizes and Distances). 
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The device it describes consists of a celestial sphere set down halfway 
through the top of a chest s0 that the top corresponds to the horizon plane 
for the locality. The sphere is caused to rotate about its polar axis with the 
speed of the daily rotation. It is driven by means of a weight which rests on a 
slowly sinking surface of sand. 

The sphere thus reproduces quantitatively the situation on the celestial 
sphere in the course of each twenty-four hours. Hence problems may be solved 
by direct measurement onit. 


No. 11. #. 74b-75b. Mas3'il nujümiyya, azunnuhä min kaläm “Umar al. 
Khayyämi (Astrological inquiries which I take to be from the work of “Umar 
Khayyäm (d. ce. 517/1123). 

This curious document consists of a set of nineteen questions, presumably 
addressed to some astrologer. For each, a horoscope has allegedly been cast 
from which predictions are to be inferred . As an example we give Question 2 
in full. Each (except Question 13) has a response written out. What is peculiar 
is that every single one af the responses is a demonstration that the configuration 
described is astronomically impossible. For instance the position of a superior 
planet in its epicycle may be incompatible with the stated solar position. 
Has this set been compiled to entrap incompctent astrologers? Cf. No.9 
above, 


Question 1, concerning an impending dificulty. 


Question 2. The commander of a certain army has drawn up his troops 
in the face of the enemy. The moon is near the first of the (lunar) month. The 
two luminaries are in the seventh locus, in auspicious aspect with Venus, 
which is in the ffth locus, with Jupiter. The horoscope is in Cancer, in a pro- 
pitious situation, except that the moon is in its deferent apogee opposite 
Jupiter, in its epicyclic perigee, whereas Mars is ascending in its epicyele in 
the seventh locus. Will the general be victorious or not ? 

Question 3, concerning a prospective journey. 

Question 4, concerning a prisoner, will he be released ? 

Question 5, a runaway slave, will he be recovered ? 

Question 6, concerning rain. 

Question T, a nativity. 

Questions 8 and 9, on insanity (2) (£. 152), 

Question 10, concerning love. 

Question 11, on an enthronement. 

Question 12, another nativity. 

Question 13, a mariage . 

Question 14, on an impending birth. 
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Problem 15. If the descending node is the nativity kadkhuda, does this 
décréase the length of life (f. 702)? 
Problem 16. A topic involving the intihæ. 


Problem 17. f the indicators at the year-transfer are the indicators for the 
first month ofthe year, … (f. 70b)? 


Problem 18: If the tasyir ends at the ascendant, or if 
Problem 19. In an interrogation, determine the mubtazz. 


Problem 20. Action upon being interrogated simultaneously concerning 
two affairs (f. 71a). 

Problem 21. What ifthe domicile of the request is split between two signe. ? 

Problem 22. What if a client asks about about a journey and you do not 
know his nativity ? 

Problem 23. A client inquires about undertaking a raid (ghazw), and the 
horoscope which is the indicator … 

Problem 24. If the choice indicated by the indicators is maleficent (?), 
and … (f. T1b). 

Problem 25, An inquiry about sickness (f. 122). 

Problem 26. If the moon is eclipsed in Aquarius, and Saturn is in Pisces in 
its domicile, and … 


Problem 27. At a locality of latitude 169, what is the length of daylight if 
the solar altitude is 90° (f. 72a) ? 


Problem 28. This is a quotation from the poet Dhü al-Rumma involving 
the Pleiades. Question: what is the latitude of the poet’ localit y? 

Problem 29. Determine the height of a tree or a wall. 

Problem 30. Find the shortest distance between two localities by the best 
method in the #ÿ. 

The colophon gives the date of copying as the latter part of Ramadän, 
855 / the early part of October, 1160. 

(For other MSS, see GAL, GI, p. 233; SL, p. 399, also according to the cata 
logue prepared by D. A. King: Cairo, Där al-kutub, Miqät 447,1.) 


No. 10. #. 73a-74a. Maqäla H1-Khäzini (text: al-Khäzimi) f3 ittikhädh kura 
tadür bidhätihä bi-haraka musäwiya li-barakat al-falak wa-mafrifat al-“amal 
bibä säkina wa-mutabarrika (A Treatise by al-Khäzini (il. 520/1126) On 
Constructing a Sphere That Rotates by Itself with a Motion Equal to the 
Motion of the Heavens, and Instructions for Its Use, Both at Rest and in 
Motion). 

The authors fall name is Abü al-Fath °Abd al-Rabmän al-Khäzint (DSB, 
vol. 7, p. 335). This workis published in Lorch with translation and commentary. 
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states that the astrological profession is plagued by ignoramuses who should 
have no right to practise. He therefore propounds a set of thirty problems, 
together with their solutions, three for each of the ten branches of the 
discipline. 

He divides the art of judgments (akkäm) into the following categories: 

1. That having to do with the fate of the universe: year-transfers, eclipses, 
conjunctions, ete. 

2. Everything concerning nativities: the hayldj, the kadkhudë, etc. 

3. Year-transfer of the nativity, the intiha’ä, the lord of the year 
(sälkhudä), ete. 

4. Interrogations. 

5. Choices (ikhtiyarät). 

The author requests that the Amir not divulge the contents to any save 
qualificd persons, lest the ignorant take to learning the answers by heart and 
it become impossible to distinguish the learned from the charlatan. 

Problem 1, Why does the moon not retrodgrade (f. 67b)? 

Problem 2. Why are Mercury and Venus never eclipsed ? 

Problem 3. Why is there zero duration of totality for a solar eclipse ? 

Problem 4, Calculate a value of the solar equation without a table (f. 68a). 

Problem 5. Determine the latitude of a locality on a cloudy day. 


Problem 6. Determine the solar true and mean longitudes at given time, and 
the solar equation, there being no observational instrument at hand. 

Problem 7, Is it possible to take (celestial) altitudes with an astrolabe on a 
cloudy day (f. 68b) ? 

Problem8. Is it possible to make an instrument to measure the magnitude 
of an eclipse or the portion of the moon’s face which is illuminated ? 

Problem 9. Given a local latitude, inscribe certain curves on an astrolabe 
plate (f. 694). 

Problem 10. Suppose a solar eclipse, visible in one locality, invisible in 
another, is taking place at the instant horoscopes are cast in the two localities. 
What are the astrological implications ? 

Problem 11. Why are judgments for a year taken from the entry of the sun 
into Aries, and why are judgments not taken for months at the instants of 
entry of the sun into the signs ? 

Problera 12. How are the lots to be calculated for a nativity? 

Problem 13. How can the horoscope be verified by use of the nimüdär 
{£. 69b)? 

Problem 14. À topic involving the hayléj. 


A DESCRIPTION OF ZAHIRIYYA 4871 93 


This fragment consisting of Chapter 1 and part of Chapter 2 of Themistius” 
(fourth century A. D.) commentary/paraphrase of Book À of Aristotle's Meta- 
physics has been edited from this copy by Badawï 1947, pp. 329-333. The 
Greek original is not extant, but the Hebrew translation from the Arabic and 
the Latin translation from the Hebrew have both been cdited by Landauer. 

Themistius spent most of his life in Constantinople as a politician and phi- 
losopher. He wrote paraphrases and commentaries on the works of Aristotle 
and Plato, many of which were translated into Arabic (DSB, vol. 13, pp. 
307-309). 


No. 7. ff. 39b16 - 39h34, 39a 124a - 124b. Magälat al- Shaykh Ab Zakariyyä 
Yabyä b. “Ad fi ma intaza*ahu min kitäb al-sama® al-{abi*i wa-ghayrihi li-Arist 
(A treatise by Abü Zakariyyä Yabyä b. “Adi concerning what he has extracted 
from the Physies and other (works) of Aristotle). 

The text of this essay by the celebrated logician of Baghdad (d.c. 975, 
GAL,GI, p. 207; SI, pp.342, 370) has been edited by Türker, based on MS Istanbul 
Universite Kütüphanesi ar. 1458, ff. 106a-108a, Endress (Yahyä, pp. 66-67) 
lists other MSS. 


No. 8. ff. 63b-66a. An untitled set oftopics on astronomy, by one Muhammad 
b. Mansür al: Marwazi having the kunya Abü “Abdalläh (cf. GAS, vol. 6, p.191). 

There are thirteen routine questions, with answers, involving spherical 
astronomy. E.g.: in two localities of different latitude, the sums of the meridian 
altitudes of the first points of Capricorn and Cancer are the same. What is the 
latitude of each locality ? 

There follows a paragraph of problems on eclipses, without answers, The 
Érst question asks for the difference in immersion of a Junar eclipse as a function 
of local latitude, Either this is a trick question or the propounder was ignorant, 
for any lunar eclipse presents the same appearance at all locations. 

The concluding paragraph is of questions concerning first visibility of the 
luniar erescent. The author seems to have commenced an explanation which 
terminates unfinished, followed by the colophon. 

On f. 66a, written in vertical lines in the lower half of the folio, is a list ofthe 
“middle books” is astronomy, these to be studied before the Almagest but 
after Euclid’s Elements, 


No. 9. #. 66 b- 72 a. Risala © Abd al.° Azixb, Uthmän al-Qabisi al-munajjim 
ia al-amir Sayf al-Daula, fi imtihän al-munajjimin mimman buwa muttasim 
bi-hädhä al-ism (A letter by the astrologer al-Qabisi (d.356/967) to the prince 
Sayf al-Dawla, “On Putting to the Test Those Who are Called Astrologers"). 
Al-Qabisi (DSB, vol. 11, p. 226: GAS, vol. 6, pp. 208-210) addresses this to 
the Hamdänid governor of Aleppo. In a long-winded introduction the author 
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Patrologia graeca, X, col. 1137-1146). Gätje has edited two Arabic versions 
of the work (pp. 95-129) from several MSS. This copy, which he has not used 
in his edition, corresponds to what he calls the “longer version”, though there 
are some textual differences. 

Ullmann has recently described another copy of the longer version that 
oceurs in a Lisbon MS (Academia das Ciências de Lisboa, Arabic MS V, 292, 
60b1-63b) and has listed a substantial number of variations from Gätje’s text. 

For further bibliographical details concerning other editions and trans- 
lations of this work, see Gatje (pp. 54-62) and Ullmann. 


No. 4. ff. 2la- 35a. Kitäb al-Fawz (The Book of Attainment), by Abü 
“Al Ahmad b. Muharwrmad Miskawayh (d.421/1030). 

This work is not the Kitab al-Fawx al-akbar (The Larger Book of Attain- 
ment), which Miskawayh promises to resume at the conclusion of the text; 
rather, it is the Kitäb al- Fawez al-asghar (The Smaller Book...) , which has been 
printed twice: once in Beirut (1319/1901), and once in Cairo (1325/1907). 
Concerning the other writings of Miskawayh, see GAL, Cl, p. 342; SI, p. 582. 


No. 5. fl. 36a-37b, 40a-62a. Hädhà Kit 
bi-Kitäb al-Abwäb fi tabi‘at al-insän wi 
is the book by Gregory, the Bishop of Nyssa, known as the 
on the Nature of Man” (consisting of)43 chapters.) 

This work, De natura hominis, is not by the well-known Saint Gregory of 
Nyssa. but by his rather lesser known contemporary Nemesius of Emesa 
(4. fourth century A.D.). (For details of how this misidentification occurred, 
see T'elfer, pp. 203, 216-17). The edition of the Greek text is due to Matthaei 
(eprinted in Migne’s Patrologia graeca, XL, col. 503-818), and the work has 
been translated into various languages. In particular, we should mention the 
English translation by Telfer and the recent edition of the Latin translation 
(due to Burgundio of Pisa) by Verbeke & Moncho (both of which see for infor- 
mation concerning Nemesius and for bibliography). 

The Arabic text has not been bandled with similar scholarly enthusiasm; 
it has yet to be edited. The translation is apparently due to Ishäq b. Hunayn 
(see Van Riet, p. 255). This attribution does not aceur in our particular MS. 
Van Riet has recently called attention to the need for a critical edition of the 
Abwüb, arguing that it contains important information on the transmission 
af Stoic ideas to Islamic civilization. 

For other MSS, see GCAL, IT, 130; also Van Riet, p.255. For the table 
of contents, see the description by Sbath (MS 1010, vol. 2, pp. 128-9). 


Gharghüryüs usquf Nûsä al-maSrüf 
ya thalätha wa-arbaün bäb (This 
Book of Chapters 


No. 6. £. 38a,b. Magälat al-läm. Sharh Thämistyüs, tarjamahu Ishäq b. 
Hunayn (Book À Commentary by Themistius, translated by Isbäq b. Hunayn). 
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And finally, back on f, 36a, a note states that in Muharram 1202 / February 
1875 it was bought by Abü al-Hasan b. al-Sayyid Muhammad Ridwän al 
Khuräsäni al-Mashhadï, from the estate of the “Sultan of India”, the purchaser 
being a teacher in the shrine of the Imäm Ridä at Meshed in northeastern 
Iran. 

The owner named in the next to the last paragraph above appears to have 
been a great- grandson of Muhammad Shäh, the Mughal emperor (Storey, 
p- 1133, where his name and genealogy are given as Mirzä M. H-Sh. b, Mirzä 
M. Kämbakhsh Bahädur b. Mirzä M. Sulaimän-Shukoh b. M. Shäh). 

Thus Zähiriyya 4871 has an illustrious span: in time extending over seven 
centuries, and in space from Turkey in the west to India in the east, finally 
returning to safe haven in Damascus,. 


5. The Contents 

No.1.f. 5a-6b, 1a-4b. Al-Subuf. In other manuseripts the title is AL-Sufuf 
al. Yinäniyya (The Greek Epistles), Anonymous. 

(A part of the first chapter Al-Sahifat al-gharr& is lost; £. 5al corresponds 
to p. 333.3 of Yahya's edition This disarranged copy is otherwise complete.) 

This work of ethical exhortation has recently been published by ‘Uthmän 
Yakyä (pp. 319-389), who claims that it had an indirect influence on Shihäb 
al-Din al-Suhrawardi. Yahyä used only MS Aya Sofya 2144 (ff. 65b-89a) for 
his edition, though other copies exist: Aya Sofya 2460,2 and Chester Beatty 
4819,1 (F. 1-16). Kurd “AI, Makhyüt, states that another copy of the work 
exists in the Zäbiriyya, but we have been unable to confirm this, The same 
volume of the same journal (pp. 41-43) contains an extract from this work 
(F3 mukhätabat al-ghaniy”). 


No. 2. ff. 7b -19a. Al-Ar&’ al-tabi‘iyya allati tardä bihä al-faläsifa (Opinions 
on Natural Philosophy Accepted by the Philosophers). 

This is the translation by Qustä b. Lüqä (ca. 205/820-300/912) of the 
Placita philosophorum. The work had usually been attributed to Plutarch 
until Diels in his Doxographi graeci (1879) showed it 10 have been composed 
by a certain Aëtius (st or 2nd century A.D.). 

Badawi, 1954 (pp. 89-188) originally published the work using this single 
manuseript. The excellent edition by Daiber, which includes a German trans- 
lation and commentary, makes use of several other manuscripts. 


No. 3. ff. 19b -20b. Nuskhat al-sab°at abwäb allati wada‘ahä al-Hakïm fi 
sifat al-nafs (A copy of “The Seven Chapters Set Forth by the Philosopher 
on the Character of the Soul”). 

According to Cätje, this pseudo-Aristotelian work is a rather free translation 
of the Syriac version of the Aëyoc xepaadônc re pi Quyfc rpèc Tartavév by Gre- 
gorios Thaumaturgos (3rdcentury A. D.) (edition ofthe Greek text in Migne's 
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But at present the page on the right is blank, and there are only forty-there 
treatises in the volume. Evidently about half of the original has vanished, 
and the remaining folia have been rebound, out of order, for presumably f. 
36a was the original title page. 

That Baghdad was the place of origin is clear from the fact that the colo- 
phons of several treatises (e. g. Nos. 2, 4, and 19) give it as the place of copying. 

Another note indicates that in the year 550/1155 a certain Haykal b. 
Fadlalläh al-Hilli of Baghdad examined the volume, and a third states that 
in Sha‘bän 777 / January 1376 it was purchased by Abmad b. Hasan al- 
Mar al-“Alawi for thirty dinärs. 

The name of a subsequent owner, Ali b. “AJïi b. Husayn b. al-Jammäl 
al-Jahiri appears four times, thrice on f. 36a, and once on f, 107a, associated 
with the date 825 / 1422. 

A note on f. 85 b states that a certain Ahmad b. Hasan b. Hasan b. Häkim 
examined the manuscript in the year 856/1452. 

The names of four additional readers appear, but without dates. They 
are: 

1. Ahmad b. Marüf b. Khalifa b. Malik 

2. Ism3“il b. Muhammad b. Ismä‘il al-Juwayni 
(named on ff. 36a and 85b) 

3. Mubammad b. “Ali b. Jahir b. al-Jammäl (the son of “Ali. 
al-Jabiri ?) 

4. Mubammad al-Hijäzi 

Thus far no evidence has been exhibited of its having left Baghdad, but 
one of the inscriptions on £. 36a, dated 13 Jumädä 1,919 / 17 July 1513, cites 
an owner in Constantinople, Abd al-Rahmän b. “Ali b. al-Mu'ayyad. a Hanafr 
jurist (GAL, G2, pp. 209, 227-8; S2, p. 319). 

On the same folio a further displacement is indicated by a remark that 
Abü al-Fath Muhammad b. Abd al-Saläm, the Mälikite mufti, presumably of 
Damaseus, borrowed the book in 943/1536. The new location is confirmed by 
a statement that Ma‘rüf b. Ahmad b. “Umar purchased it in Damascus in 
the year given above. The volume changed hands again in 1075 /1665, still 
in Damascus, when Ibrähim Amin al-Fatawi bought it from the estate of 
Anis Effendi. Another owner, in 1113/1701, was Muhammad Täj al-Din b. 
“Abd al-Husayn al-Qal*ï (f. 36a). 

The last four dates given above are all from f. 36a. However, on the present 
title page, £. la (hence written after the volume was rebound) is a statement 
to the effect that on 9 Shawwäl 1238 / 19 June 1823 the book was placed in 
the library (Persian kitäbkhäna) of Mirzä Muhammad (?) Kay Haydar-Shukoh 
Bahädor. 
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only one folio has survived, the total given, 14ff., can be used to estimate the 
length of the non-extant complete Arabic text of Themistius’ commentary. 

In the instances listed below in chronological order the scribe has given 
dates, hence some information concerning the original order of the treatises. 
When part or all of a work appears on a folio belonging to one which is dated, 
approximately the same date applies to both. 


ET] Tite Date Folio Rermarks 
5 De natura hominis 550/1155 368 
(al-Ahedb) | 
9 | Imtitän abmunojjimin | Beginning of Ramagän, 12a | Same date for No. 
55/September, 1160 
39 Al-Madkhol ilà ile Dh al-Hijja, 556/ 128b | Copied in one evening! 
olmantig October, 1161 | 
2 Placita (al-Ara') Beginning of Mubarram, 557/ | 19a | Same date for No. 3 
December, 1161 Î 
4 | Kitäb akFaus Begioning of Mubarram, 557/ | 35a 
December, 1161 
e Probably includes 
36 End of Rabi° 1, 557/ ar 
March, 116 à we: Nos. 28:35 
#1 Beginning of Rabi* 123a | Probably includes 
1, 557/March, 1162 Nos. 38 and 7 
26 Tojrid End of Dhü al-Qa“da, 557/ J45n 
November, 1162 
21 | Samt al-gibla 557/162 83a | Probably same date 
for No, 22 
40 | Tagyid hudäd akmantig | 5357/1162 1828 | Perhaps should follow 
No. 89; same 
date as No. 41. 
27 Alexander's Mabädi* Dhû al-Qa°da, 558/ 126 
al-kull Oetober, 1163 


So the copying of the collection spanned at least eight years, suggesting 
that it may have been done by the owner, slowly obtaining access to works 
he wished to have for himself. 


4. History of the Manuscript 
F.36a, the title page of al- Abnodb, is covered with over a dozen annotations 


in various hands (ef. Zähiriyya Catal., vol, 8, pp. 5-7). One of these states that, 
“This collection contains eighty works. The table of contents is on your right". 
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The second category is sharper, involving the exact sciences and technology, 
subdivided further into: mathematics (Nos. 18, 20, and 26), astronomy and 
astrology (Nos. 8, 9, 11, 16, 21, and 25), instruments (Nes. 10, and 12-15), 
optics (Nos. 19 and 22), and specific gravity (No.17). 

All the works are from the aw@'il (or, as some Muslims called them, the 
“foreign") sciences. Of those from the exact sciences, none are of fundamental 
importance, although several are of considerable interest. Some are of a 
preparatory nature, Thus, al-Nasawt's two works (Nos. 26 and 39) are introduc- 
tions to geometry and logie, and Ibn Bahriz states that his (No. 40) is to aid 
the student with the basic terminology of logic. 

It looks as though the collection were assembled on behalf of a person 
whose primary or professional interests were humauistie, but who desired 
also a speaking acquaintance with scientific matters. This notion is reinforced 
by the fact that at least two of the people whose names appear on the title 
page were jurists. 


3, The Manuscrit and the Copyist 


At present the volume has 146 folios, 17X26 em., badly preserved, with 
ragged edges and some holes. There are usually 39 to 4] lines per page, although 
sometimes as many as 46. The hand is a cramped but legible naskh, frequently 
with dots left out, and normally no vocalization. Margins are narrow; the 
scribe squeezed in maximum words per page. 

Although there is some variation in the handwriting, we believe the entire 
manuscript should be attributed to the same anonymous copyist, resident 
in Baghdad. He was conscientious, inserting numerous marginal corrections, 
and collating twelve of the surviving forty-three treatises (Nos. 1-5, 9, 11, 27, 
31, 86, 37, and 41) with other copies. In the colophons of Nos. 4, 9, 21, and 
40 he remarks that the version he is copying is bad (sagim), and urges collation 
with other copies. 

He names some of his predecessors, stating that for Nos. 19, 21, and 22 he 
is using the copy made by the Qädi ibn al-Murakhkhim. In turn, the latter 
used for No. 19 the copy of “al-Abd Häsj”, and for No. 22 that of Ibn al- 
Haytham. No. 27 is from the hand of “Tumä"”, and No. 36 from al-Dimashqï, 
the translator ofthe work. 

The Ibn al-Murakhkhim named above was for some time one of the great 
judges of Baghdad, and had amassed a large library. However, upon the ac- 
cession of the Caliph al-Mustanjid in 555/1160 he was relieved of his post. 
His library was dispersed, and the philosophical works burned (See. e.g., Ibn 
al-Athir, al-Kämil, S. a. 555). 


Tu a few cases the scribe has indicated the number of folios in a particular 
treatise, or set of treatises. In the case of No.6, “The Lém Chapter,” where 
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22 Beer] ns Are Not Completely| al. “AÏä' b. Sabl 1 

23 Apborisms various authors 1 

24 Treatise on Good Manners Ibo al-Mugeffa* 1 

25 | Astrological History akRäsi 1 

26 | Kitäb al-Taÿrid (Geometry) aL-Nasawi 42 

27 Principles of the Universe Alexander of Aphrodisins au Q 
28 | A Moving Objeer Alexander of Aphrodisias awle 
29 Species and Genus Alexander of Aphrodisias 4 e 
30 | Happiness and Sadness Alexander of Aphrodisias + |: 
a Faculties and Stimuli Alexander of Aphrodisias [1 * 
32 | Generation and Non-existence Alexander of Aphrodisias 1 le 
33 | Form the Perfection of Motion Alexander of Aphrodisiar + |? 
34 | Spiritual Forms Devoid of Matter Proclas 4, |" 
35 | Action and Motion Alexander of Aphrodisias 1 : 
36 | Differentiating Between Genera Alexander of Aphrodisian 8 » 
31 | On Maximus’ Reduction of the Themietius s | 

Syllogiem 

38 | Questions to (or from ? Ibn Suwär 13 

39 | Introduetion to Logic alNasawi 8 

40 Definitions of Aristotelian Logie Ibn Babriz 7 

AL | Proofs that the Universe is Eternal | Proclus s |. 
42 | Questions on Physical Matters Proclus fre 
43 | Book on Theological Matters aise 2 


Leaving out two sets of aphorisms (Nos. 23 and 24), we may putthe remain- 
der into two categories: philosophical, twenty-four; and scientific, seventeen, 
Philosophy is here broadly conceived as including not only logie (Nos. 
37, 39, and 40), but also physies, psychology, ethics, and theology (Nes. 1-7, 
21-36, 38, and 41-43). 
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Smithsonian Institution, the Falbright Commission, and the Fellowship 
Program of the American Research Center in Egypt. 


2. Contents of the Collection 


A good notion can be obtained of the range of subject matter by consulting 
the list below. It gives the title or topic, author, and approximate length of 
each of the forty-three treatises or parts of treatises remaining in the collec- 
tion, in their present order. Asterisks denote those which have been published. 


Length 

Ne Tite and/or Topic Author inpp. Publ. 
1 | Al-Suhuf (ethies) Anon. uw |+ 
2 | Placita philosophoram Aëtios um | 
3 | Seven Chapters … on the soul Gregorios Thaumaturgos s |» 
4 | Küai Mikavayh æ |» 
5 | De natura hominis Nemesius of Emesa si 
6 | Commentary on Aristotle's Metaphysies | Themistior 2 | 
7 | On Aristotle's Physics Ibn “AT si | 
9 | Questions on Astronomy al-Marwast 0 
9 | Questions on Astrology al-Qabigi 12 

10 A Rotating Spbera Solidn al-Khäzini 3 . 

11 | Questions on Astrology al-Khayyäm 24 

12 | Construction ofa Whistling Justrument | Apollonius 4 

18 | An Instrument forObserving the Fixed | Anon. 1 

à: || Agnes feront Jam æ 

15 | The Hour Box (a clock) Jen: $ 

16 | (Planctary) Sires and Distances al-Saghänt 3 

17 | Specific Gravities of Alloys Mabroüd b, Abi al-Qäsim 13l* 

18 | Two Geometrie Problems édui 4 

19 | A Burning Instrument al- AK* b. Sabl 24 

20 | Area of the Triangle Aba al-Wafà’ al-Büsjänt 14 | + 

21 | On Determining the Direction of Work "ARSDE : 

ver 


A Description of Zahiriyya (Damascus) MS 4871: 
À Philosophical and Scientific Collection 


Jar Raczr* anp E. S. Kewxanv** 


1. Introduction 


‘he manuscript volume here described has already received considerable 

attention. The contents have been listed in Arabic in Kurd°Ali, Makhtüt, 
in Badawi, 1954, and in the Zähiriyya Catal., vol. 8. (Here and in the sequel, 
references in italies are short titles of items in the bibliography which follows 
the paper.) Twenty-two of the forty-three treatises which survive have been 
published. However, almost half of the forty-three are on scientific subjects, 
and until recently these have been ignored in favor of the philosophical ma- 
terial, It seemed worthwhile to survey the work done thus far, to indicate 
the contents of and assess those treatises as yet unpublished, to sketch the 
seven-century history of the volume, and to speculate concerning the motives 
of the unknown individual who selected these particular works for copying. 


Section 2 below lists and classifies the components of the collection. Section 
3 describes the manuscript as such, and Section 4 reconstructs its history. 
The concluding Section 5, by far the longest, lists each treatise separately, 
locating it in the manuseript. The length of the entry which succeeds depends 
upon whether or not the text has been published, and upon our estimate of 
itssignificance. In some cases tables of contents are given. 

Our convention with dates is usually to give the Hijra, then the Christian, 
separated by a slash. Years and months in one calendar normally fall into two 
of the corresponding units in the other calendar. Here the Christian year or 
month cited is the one more nearly corresponding to the Hijra uni 


In an effort involving such divers fields, it was inevitable that the authors 
become essentially dependent upon assistance from friends and colleagues. 
Without implicating them in blunders committed by us we thank Professors 
Gerhard Endress, Josef van Ess, Dmitri Gutas, F. W. Zimmermann, À. I. 
Sabra, Ahmad Harïdi, L. Richter-Bernburg, and Aron Zysow. 


Part of the work for this study was done while both authors were at the 
American Research Center in Egypt, appointments made possible by the 


* Department of the History of Science, Science Center 235, Harvard University, Cambridge, 
Muse. 02138, U. S, À. 
** Institute for the History of Arabie Science, University of Aleppo, Aleppo, Syria 


Historical Studies in 
the Physical Sciences 


Volume 12 (1981-82) 


DAVID C. CASSIDY 
Cosmle ray showers, bigh energy physics, ad quantum Beld 
theorles: Programmatic Interactions In tbe 19305. 


LILLIAN HODDESON 
The discover of the polnt-contact transistor. 


THEODORE M. PORTER ; 
À statistical survey of gases: Maxvell's soclal physics. L 


ARTURO RUSSO 
Fundemental research at Bell Laboratories: The discovery of 
electron draction. 


GERT SCHUBRING 
Matbematics and teacher training: Plans for « polytechnic in 
Berlla. 


PETER GALISON 
Theoretical gredispositions In experimental physics: Einstein 
and tbe gyromagnetic experiments, 1915-1925, 
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EXTRACT FROM THE TRAVELS OF CHARDIN 81 


[LR] 
Extrae from the travels of Chardin 
Source: Michel 1, p.485 


Je viens à l’Astrolabe, & je dirai d’abord que ce nom vient d'Asterleb, 
terme Persan, qui veut dire lèvres des Etoiles; parce que c’est par cet Instru- 
ment que les Etoiles se font entendre. D’autres disent, qu'il faut prononcer 
Astir lab, c’est à dire, connaissance des Etoiles, & c’est comme les Persans 
apellent d'ordinaire cet Instrument-là; mais dans leurs livres & dans leurs 
leçons ils l'apellent Veza Kouré, mot abrégé de Veza el Kouré, qui signifie 
position de la Sphère, parce que cet Instrument & la projection des cercles 
de la Sphère est un plan. Cest sans doute de ce terme Veza el Kouré qu'est 
venu le terme barbare de Valzagore, qui se trouve dans Regiomontanus, 
& dans les auteurs qui l'ont devancé, pour signifier l'Astrolabe. 
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Persian text! contains legends about Alexander and is stated to be taken from 
a work entitled Sharafnäma by Ibrähim Farüqi, and 1 have been unable to 
identify the author, or the relation of the work to the medieval Islamic 
folklore on Alexander? 

The text translates as follows: 

A first story: Alexander commanded all the sages to construct something 
so that it would remain in the world as a memorial to him. So Aristotle const- 
ructed an astrolabe which elucidated the secrets of the spheres for all the 
sa, It is the balance of the sun, which is called in Greece asfar-taräsü or 
làb-i afiab. Some said that Läb is the name of another sage who by the request 
of Alexander constructed the astrolabe. Another opinion is that Läb is the 
name of the son of Aristotle who is the astrolabe-constructor. According to the 
fourth story Läb is the name of a son of Idris — blessings and praise be upon 
him who had the greatest skill in the knowledge of science, and he made the 
astroläbe with the greatest excellence. But the first story is the most correct. 
It is also called asturläb and sruläb and sturlab and suläb. Taken from the 
Sharafnäma of Ibrähim Färüqi”. 

1. Lam grateful to Prof. E. S. Kennedy of the Institute for the History of Arabic Science in Aleppo 
and to Prof. Peter Chelkowski of New York University for reuding und translating this text. 

2. On thé Alexander Jegends in general see the article *-Jikandarnéma"'in El; by A. Abel, Ibrähim 
Färüqi is not mentioned in Sierey, and no sucb references Lo Aristotle and the astrolabe ure contained 
10 sueb basie works on the medieval Alexander legends as Southgate and Cary. The antrolabe is men- 
tioned in the Tskandarnämeh of Nix (e. 1115): in x decisive battle against the Russians Alexander 
is guided by the caleulations of an astralabe (Chelkowski, p. 38). 


Conclusion 


The extent to which such popular etymologies gained acceptance in informed 
Muslim cireles is revealed in the entry for Lab in Steingass’ Persian-English 
Dictionary, published in 1892. Steingass lists the following meanings for lb: 
“the sun; request; supplication; name of the son of Idris; also of the 
inventor of the astrolabe; or of the son of a Greek King of the name of Istar(?)”. 
In the last meaning given Istar is probably a corruption of astur, With the 
identification of Läb as the son of Astur we should bring this survey of 
medieval notions about the origin ofthe Arabic term as/urläb to an end. 

1, Siringass, p. 1110. The article asqurläb in Lane's Arabic-English Lexicon, publiched jn 1863, 
is bated on the remarks of al-Nuwayri and al-Firüzibädi (nos. 17 and 23). Cf. Lane, 1, 58, cited in 
Gunther, T, p.111 and Gands, p. 415. 
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extant in MS Alexandria Baladiya 3504 J (copied 1186H), the author quotes 
the opinion of al-Damiri (no. 22) on asturläb, and adds that “Ptolemy was the 
first person to make an astrolabe and there is a strange story about his making 
it which we have related in the (longer) commentary”. 

1. On Muhammad Bann: Brockelmann, I, p. 615 (where the Alexandria manuscript is men- 


ed), and STI, p. 686 (erc.). He is not mentiooed in Suter, or even in Renaud, which is essentially 
st of Maghribi scientists averlooked by Suter. 


32. Miscellaneous 


In 1941 Henri Michel published an account by a seventeenth-century 
French traveller named Jean Chardin describing the methods used by Persian 
astronomers to construct astrolabes. This little-known study is of considerable 
interest for the history of Islamic instrumentation, and also contains an account 
of the opinions of the Persian astronomers on the meaning of the word asturl- 
àb.1 These include the notion that ‘‘asterleb" is a Persian word meaning “lips 
of the stars”, or that the word should be pronounced astir lab and means 
“knowledge of the stars”. These meanings have no counterpart in the Islamic 
written sources. Chardin adds that the Persians call the instrument vexa 
kouré (from Arabic 1ad° al-kura, meaning “placing the sphere”) “in their 
books and in their lessons”. Again 1 know of no Islamic sourees in which the 
astrolabe is called by this name, although it was associated with Arabie sources 
by medieval and renaissance astronomers in Europe? 

1. Michel 1, p. 485. 

2. Cf. Hartmer, p. 287 avd Kunitssch 1, pp. 20-21 rub vuascalcora, 


33. Almad Bäshä Muhktär 


In a text-book on astronomy called Riyäd al-Mukhtär and published in 
both Turkish and Arabic in the 18805, the author al-Ghäzi Abmad Bäshä 
Mukhtär states that as/urläb is derived from two Latin words: asfur meaning 
Mstar or celestial body” and labiyäm meaning “plate” (lateha or safiha).! He 
also states that the astrolabe was invented by Ptolemy. 

1. Mukhiàr, p. 238. 1 owe this reference to the kindness of Prof, Paul Kunitzsch. 


34. Ibrähim Farügi 


After this study was completed I came across a group of explanations of 
the term asfurléb in Persian, some of which clearlÿ represent quite different 
traditions from those which I have documented in the Arabic sources. During 
the course of preparing a photograph of the quote from al-Mutarrisi in MS 
Cairo Där al-Kutub Tal“at migôt 255, fol. 2v, for inclusion in my forthcoming 
volume of photographie plates of extracts from the Cairo scientific manu- 
scripts, I noticed another relevant quote immediately below-see Plate 1. This 
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further information, translated the remarks of al-Birjandi (no. 24), andintro- 
duced some minor modifications, For example, he said that the meaning of the 
Greek asturläfin (which is written asfurlänün in each of the copies I have 
consulted) was mir'ät al-kawäkib, “mirror of the stars” and that some had 
said wähid al-kawäkib. implying that the term meant “mirror of the star, 
Here, however, äkid must result from a corruption of akhdh. 


1. The treatise exists in numerous copies, many of which include tbe marginalia. 1 have used MSS 
Cairo Talfat migôr 154, Zakiya 782, and K 3844. 


30. °Abd al-Rakmän ol-Fasi 


The seventeenth-century Moroccan scholar “Abd al-Rahmän al-Fäsi compiled 
a lengthy poem called al-Ugnüm on the different branches of knowledge, 
which included a section on the astrolabe.! In the margin of a Cairo 
manuseript of this work is a note on the orthography of as{urläb and Ba/laymäüs 
(= Ptolemy),? as well as a remark that Ptolemy was the first person to make 
the astrolabe, and a reference to the existence of a curious story about his 
invention of the instrument.’ The details of this story are preserved in a 
commentary on al-Fäsÿ's section on the astrolabe: see the next section, 

1, On al-Fästsee Renaud, no. 541; Brockelmann, T1, pp. 612 and 675, and SIT, pp.694-695; and the 
article ‘Abd al-Rahmän al.Fäsi°" by E. Levi Provençal in EL. 
me in Arabie was more often written Batlamyüs, but in late texts both forms 
amiyüs"" in El3 by M. Plessner, 
-Kutub J3664 (287 fols., copied ea. 1250H), fol. 119v. 


3. MS Cairo Där 


31. Muhammad Bannäni 


Mubammad Bannäni ibn ‘Abd al-Salëm ibn Hamdün, a scholar of Fez 
who died in 1163/1750, wrote an extensive commentary on al-Fäsi's poem 
{see no. 30) which is extant in MS Cairo Taymür riyäda 113 (144 pp., 1327H). 
In à disoussion of the etymology of asturléb, the author first mentions that 
it is a foreign word meaning miqyäs al-nujüm, “instrument for measuring the 
stars,” or misän al-nujäm, ‘balance of the stars”. He adds that “it is said 
that” firetly Léb is the name of the celestial sphere in Greek. and secondly 
that Läb is the name of the inventor of the instrument and that it was originally 
li-Ab, “to the Father”, where Ab was the the name of “the Teacher”, that 
is, Idris. Since as/ur is the plural of saÿr, asturläb are the “lines of the sphere” 
(stur al-falak) and “lines of the philosopher” (astur al-hakim). Muhammad 
Bannäni concludes with a story about the invention of the astrolabe by Ptol- 
emy, which was related by “a group of historians””. This story is none other 
than the one related by Ibn Khallikän (no. 12), and Mubammad Bannäni's 
treatise is the only medieval scientific work known to me which contains this 
delightful story. 

Ju a shorter commentary by Muhammad Bannänÿt on the same poem, 
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26. al-Khafajr 


The celebrated Egyptian philologist Shihäb al-Din al-Khafaji (d. 1659) in his 
book on Loan-words in Arabie entitled Shifà al-ghalil.…. gives no information 
on asturläb other than that it, along with the terms Jarjahära and binkäm, 
is not Arabic. He adds that the word is mentioned in the Nihäyat al-arab, a 
work byal-Nuwayri (no. 17), andin fact al-Khufäjrs remark is actually taken 
directly from al-Nuwayri. 

1. On al-Khafäjïsee Brockelmann IL, pp. 368-369, and SIL, p.396. 1 have consulted MS Cairo Dâr 


al-Kutub Mustafa Fadil lugha 20, in which ajturlüb is meûtioned on fol, 75v. Brockelrann lists oûly 
the Cairo manuseript, which may have been the basis for tbe two printed editions hat he mentions. 


27. Häjji Khalifa 

The seventeenth-century Turkish scholar Häjjt Khalifa in his bibliographical 
eneyclopaedia Kashf al-Zunün records various interpretations of the name 
asturlab2 He quotes Küshyär and al-Birüni without mentioning their names, 
and also the Mofüiih al-uläm. When quoting al-Birüni Häjji Khalifa presents 
the name as aÿturläfän, perhaps reflecting a contemporary Greek pronunci- 
ation of 6.7 He concludes the passage on the astrolabe with the statement 
that the first person to make an astrolahe was Ptolemy and that the first 
person in Islam to make one was Ibrähim ibn Habib al-Fazäri, and then 
cites titles of three bouks on the astolabe, none of which is extant. 

1, See the article Kätib Chelebr"in El3 by O S. Gükyay. 


2. Häjjt Khalifa. 1, cols. 106-107. 
3. The 1892 Caio edition of Häjji Kbalifa's work bas asurléqün. 


28, Munajjimak 

Muhammad ibn Ahmad Fazà'5 (?), known as Munajjimak (= the little ast- 
ronomer), was chief astronomer in Istanbul about 1675 A.D., and wrote a 
Bttien: nn fnatromente of wlôeh only fragmantr arvive. The Bb muyala 
of Munujjimak's treatise deals with regular planispheric astrolabes. universal 
astrolabes, and quadrants, and begins with a discussion of the word as/urläb. 
Munajjimak's remarks appear to be based on those of al-Birjandi (0.24), 
but in the story attributed to Abü Nasr al-Qummi it is no longer clear whether 
Hermes or Läb is answering the question who dréw the lines. Having been 
translated from Arabic to Persian and back to Arabic, the anecdote is now 
hopelessly confused .See also the next entry. 


1. Munajjimak is not listed in the modern bibliographical sources. The text of the passage is found 
in MSS Cairo Där al-Kntub müqôt 135 and 70, which are two fragments of the ffth mogäla of bis treatise, 


29. Ishag al-Zakält(?) 


In some marginalia to an anonymous Arabic treatise on the astrolabe in 
fiftcen fayls an individual named Ishäg al-Zakali (?)/ on whom 1 have no 
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23. al-Firäsabädi 


The celebrated philologist al-Firüzäbädi (b. 1329 in Shiraz, d, 1415 in Zabid) 
included an entry on his /@b in his lexicon entitled al-Qamüs al-muit.\ Al-Firüzä- 
bädistates that Läb was a man who drew lines and based calculations upon 
them and that the lines were called astur-Lab, “the lines of Läb”. This 
became a compound word and the annexation construction was dropped. 
With the definite article the name became al-aslurlab, ox al-asturläb with a 
+äd because of the 12. This etymology from the Qämüs is also found in an 
astronomical manuscript copied in Amud about the year 1610 (see no. 10). 


1. On al-Firüzsbädi see the article by H, Fleisch in F3. 1 bave examined MS Cairo Där al-Kutub 
lugha 34 of this work, transeribed in 899H from tbe author's copy. The entry on asfurldb in Lane's 
Arabie-English Lexicon is based maioly partly on al-Firüsäbädi. 


24. al-Birjandi 


There is no reference to the origins of as{urléb in the treatise on the astroläbe 
by the celebrated thirteenth-century Persian scholar Nagir al-Din al-Tüsï. 
However, in the Persian commentary on this treatise by “Ali al-Birjandi 
(fl. eu. 1500),: there is a section in which the author quotes the opinions of 
Küshyär, al-Birüni, and through him al-Isfahäni (not named), as well as the 
anonymous commentator on the Magämät of al-Harïri and through him Abü 
Nasr al-Qummi.? In this quotation the answer to the question asked by 
Hermes — not Idris — is either due 10 Lab or Hermes himself: the Persian is 
ambigous. al-Birjandi also mentioned that some people had said that astur 
means tasn{f, “a written work or compilation,” and that Läb, a son of Hermes, 
had invented the instrument, Al-Birjandi was later quoted by Munajjimak 
(no. 28) and Ishäq al-Zakäli (no. 29) 

1. On al-Birjandi see Suter no. 456; and Storey, pp. 54 and 80-82. 

2. The Persian text edited in the appendix was kindly prepared by Prof. E. S. Kennedy. 


25. Jaläl al-Din al-Suyütt 


MS London B. M. Add. 9599, fol. 7r, contains a note on the Arabic words 
al-Mijisii and asturläb stated to be taken from al-Nafha al-miskiya, a work 
by the late-fifteenth-century Egyptian polymath Jaläl al-Din al-Suyü{i. 
The author states that Ptolemy was the first person to make an astolabe. 
He adds that Küshyär had said that the term asturläb was Greek and meant 
“balance of the sun”, and that some had said that Lab was the name of the 
sun in Greek. 


1. On al-Suyüfi see Brockelmann, IL, pp. 180-204, and SIT, pp. 178-194. On the treatise al-Nafha 
almiskiya see IT, p. 202 (no. 291) and SIL, p. 197. 
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19. Anonymous 


The author of a treatise on the astrolabe in 14 bäbs entitled Tuhfat al-tulläb 
fL-amal bi-Lasturlb, which is probably a fourteenth-or fifteenth-century 
Egyptian or Syrian compilation, discussed the etymology of asturlab in the 
introduetion to his treatise.! He states that the name asfurläb is Greek and 
means “balance of the sun”, and also that Läb was a wise man who drew thé 
lines (astur), s0 that the instrument was called ustur-Lab. This passage is 
related to the parallel passage in the treatise of al-Mizzi (see no. 18 above). 

1. Thave examined MS Istanbul Fatib 5397,24 (fols. 190r-195v, cop. 1118H) of this work. Awwad 
listed several manuseripts of what be thought to be copies of a work with this title and attributed the 
treatise to the Andalusian astronomer Abü”LQäsim Abmad b. Abd AUG b, Muhammad al-Saffär, 
but the listings and attribution are eonfused (ef. Awwad, nos. 28 and 29). MS Princeton Garrett 1024 
appears be ton copy of the same work as contained io the Fatib manuscript, and is likewise anonymous. 
The other manuseripts listed by Awwad are copies of a diflerent treatise by Ibn al.Saffär which has 
‘been published (see the article **1bn al-Saffär"* by B. R. Coldrtein in EZ;). 


20. Sharaf al-Dm al-Khalilr 


Sharaf al-Din al-Khalili, the nephew of the celebrated astronomer of mid- 
fourteenth-century Damascus Shams al-Din al-Khaljli, wrote treatises on 
the standard instruments of his time, including one of the use of the astrolabe.1 
In the introduction to this he states that as/urläb is a foreign word meaning 
“(instrument for) measuring the stars” or alternatively “balance” or “mirror 
ofthe stars”. 


1. On Sharaf al-Din al-Kbalilï see Suter, no. 427, and Brockelmann, 11, p. 157, and SIL. p, 150. 
L bave used MS Istanbul Fatib 5397 (fols. 65v.71r) af this treatise. 


21. Anonymous 


The anonymous author of a treatise in 25 bäbs on the spherical astrolähe 
which was probably another fourteenth-century Syrian compilation! states 
that usfurläb is a foreign word to be explained as “mirror of the stars” or ns 
“the balance of the sun”. 


1. This treatise is extant in MS Istanbul Hamidiye 1453, fols. 213v-219r), cop. 869F, 


22. al.Damiri 


The late fourteenth-century Egyptian scholar al-Damiri is celebrated for 
his encyclopaedia on z0ology and folklére entitled Hayat al-hayawan.\ In this 
work al-Damiri states that asjurläb means “balance of the sun” because 
astur means “balance ” and 1äb means “sun” in Greek. Al-Damiri was later 
quoted by Muhammad Bannäni (see no. 32). 


1. On al-Damiri see the article in El; by L. Kopf. 1 have been unable to locate the reference 
10 asfurläb in the published text of his encyclopnedia. 
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15. Ibn Jama‘a 


Ibn Jamä*a was a scholar of Hama inthe late thirteenth century! andin 
the first chapter of his work on the use of the astrolabe he states that asturläb 
is a foreign word meaning “measurer of the stars” or “balance of the sun”, 
or according to another opinion, as{urlägün “mirror of the stars”, taking 
astur as “star” and läqün as “mirror”. Here perhaps läfün is intended: see the 
remarks on Häjji Khalifa (no. 27). Ibn Jamä*a adds that the derivation from 
asjur and Lab is not to be relied upon. 


1. On Ibn Jamä*a see Brockelmann, 11, pp. 89-90. and SIT, pp. 80-81: and Awwad, no. 119; and on 
His family see the article *Tbn Djamä“a"" in El3 by K. S. Salibi. I bave used the unique copy MS Cairo 
Däral-Kutob Mustafä Fädil migôrturki6,1 (fols, 1v-20r, copied ce. 1150H) of his work on the astrolabe. 


16. Ab Ali al. Fârist 


Two etymologies for asturlb are proposed by Abü “Ali al-Färisi (fl. Hama, 
ca. 1300) in his treatise on the astrolabe entitled Magäsid dhawi?l-albab 
Al-Färisi first states that the name is a compound Greck word, ustur (the 
text is vowelled) measing “sun° and Lib meaning “balance”, or, according 
to others “mirror” , and then states that “the Arabs” say that asfur is the 
plural of satr, e”, and that làbis the son of Jdris. 

1. AÏ-Färisi is not listed in the modern bio-bibliographie sources on Jslaraic science, except for 


Awwad, no. 175. His treatise is extant in the unique copy MS Cairo Qawala migdt 2,1 (fols. 1r-57v, 
copied ca. 800H). 


17. al-Nuvayri 
AL- Nuwayri (d. 1332 in Tripoli)" in his encyclopaedia entitled Nihéyat 
al-arab fr funän ul-adab, states that asturläb, as well as the terms farjahära 
and binkäm for water. and sand-clocks, were not Arabic? This statement 
is also recorded by al-Khafäji (no. 26). 

1. On al-Nuwayri see Brockelmann, IT, p.175, and SIL, pp. 173-174. 

2. Quoted in Lone, À, p. 58, from the commentary on the Nihäyat al-arob by Muhammad ibn al. 


Tayyib al-Fast, (Brockelmann, SI, pp. 541 and 6852). I bave been unable to locate any reference 10 
asjurläb in the published text of the Nihéyat al-arob. 


18. al-Mizsi 

Shams al-Din al-Mizzï, a leading astronomer in Damaseus in the midfour- 
teenth century, wrote a treatise on the use of the astrolabe.! In the introduc- 
tion he states that the word asturläb is Greek and that it means “balance 
of/for the sun”. 


1. On al-Mixaï see Suter no. 406; end Brockelmann, IT, pp. 155-156, and SI], pp. 156 and 1018 
(no. 15). 1 bave used MS Istanbul Fatih 5397, 25 of bis treatise on the aetrolabe. 
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a famous instrument-maker of late-eleventh-/ early-twelfth-century Baghdad, 
Ibn Khallikän cites first the etymology of Küshyär (no. 5), and then presents 
an anecdote about the invention ofthe astrolabe by Ptolemy, introduced with 
the word gra, “it is said that ….”. The story is that Ptolemy was taking a ride 
with an armillary sphere in his hand; inevitably, he dropped it and the animal 
on which he was riding trod on it and squashed it: the result was an astrolabe. 
Ibn Khallikän goes on to relate that neither Ptolemy nor any of the ancients 
realized that the sphere could also be represented on a line and that Sharaf 
al-Dôn al-Tüsi was the first to develop a linear astrolabe, later to be improved 
by his student Kamäl al-Diu ibn Yünus. Ibn Khallikän concludes this section 
with a discussion about the futility of trying to represent the sphere at a point! 
Indeed Sharaf al- al-Tüsi? did devise a linear astrolabe, called “asal- 
Tüsi, “al-Tüsrs stick”, which was modified by his student Ibn Yünus,? also 
a scholar of mction. It is of interest that Ibn Kballikän early in his career 
met Kamäl al-Din ibn Yüvus in Mosul, but it seems unlikely that he would 
have picked up the anecdote about Ptolemy from such a serious scholar. The 
only reference to the anecdote known to me in later Arabic literature is in 
the writings of the eighteenth-century Moroccan author Muhammad Bannäni 
(no. 32). 
1. On Ibn Khallikän see the article in El by J. W. Fück. The patrage is found in Ton Khallikän, 
LL, pp. 184-185, translated in de Slane, HIT, 
2. On Sbaraf al-Din al Tüst see the article in D.JB by R. Rached. For a brief diseussion of his linear 


astrolabe see Michel 2, pp. 115-123. 
3, On Kamäl al-Din ibn Yünus see Suter, no. 354, and Brockelmann, ST, p. 859. 


13. Anonymous (Maghribi or Andalusian) 


Another etymology oceurs in an anonymous Maghribi or Andalusian 
treatise on the astrolabe preserved in MS Cairo Där al-Kutub miqat 169,6 
(fols. 45r-57r, 1158H). This treatise begins with the statement that as{urläb 
is a Greek word which was originally asturläbül (read asturläbün!},) meaning 
dhät al-nujüm, “possessing stars” and that the letters after the b were removed 
“to make (the word) lighter”, that is, to make it easier 10 pronounce”. 


1: There is à possibility that a Spanish influence ie operating here 10 provide an ending dl, 


14. Müsa ibn Ibrähim 

Yet another etymology is contained in a treatise on the astrolabe attributed 
to Müsä ibn Ibrahim, on whom I have no further information. The trestise is 
contained in MS New York Columbia 285.1 (fols 1v-8r, of ca. 1000H ?), and 
begins: sttrlb [sic!] in Greek means taking the altitude of a star because 
3str is star in that language and taking is lab. Some people say that it means 
balance of the stars. It is attributed to Ptolemy”. 


1. The maouecript has lt rather than 16b, which is probably en error of the copysist rather than 
the author. 
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classic of Arabic belles-lettres.! In this work there is no mention of any aspect 
of astronomy. However, a note on the etymology of as{urläb and the invention 
of the instrument, stated to be taken from a commentary on al-Hariri's Mag- 
ämät, is found in MS Cairo Dar al-Kutub Taymür Aikma 15, p.137, immedi- 
ately preceding a copy of the treatise Unmädhaÿ al-<ulüm by Jaläl al-Din al. 
Dawäni.? The author describes the instrument as “one for measuring the 
stars and the sun”, stating that the first person to make it was Läb, and 
then adding an alternative dérivation from Persian (due to Hamza al-Jsfahäni), 
in which, however, the Arabic paraphrase in based on the meaning “mirror 
of the stars”, not on the correct meaning of the Persian. The same note is 
found in MS Cairo Där al-Kutub Mustafa Fädil hoy’a 1, fol. 1r, preceding 
“Ali Birjandis marginalia to Qadi Zäde's commentary on al-Jaghminÿ's al- 
Mulakhkhas f{l-hay'a, copied about the year 1610 in Amud, Iran. The note 
on as{urläb from an unspecified commentary on the Magämat oceurs together 
with another stated to be taken from the Qämñs (of al-Firäzäbädi (see no. 
23). 

Another note stated to be taken from the commentary on the Magëmät 
by al-Mutarrizi (fl. Khwarizm and Baghdad, d. 1213)° occurs in Cairo Däâr 
al-Katub Tal‘at migôt 255, fol. 2v, amidst various notes preceding a collection 
of treatises on instruments and timekeeping-see Plate 1. Al-Mutarrizi quotes 
successively Abül-Hasan (Küshyär), Abü Rayhän (al-Birüni), Hamza al. 
Isfahänï, and Abü Nasr (al-Qummi). 

1. On al-Harirt see the article in El by S. S. Margoliouth and Cb. Plat, 

2, On al-Dawnï see the article in £J; by À. K. 8. Lambton, and on his treatise see Brockelmann, 
Ip. 282. 

3. Où al Muqarrie see Brocklmnn, pp. 350-352, and also p. 327. 1 have been unable to Jocate 
this passage in the Cairo manuseripts of al-Muçarrizi"s commeutary listed by Brockelmaua, 


11. ba Nayr Ahmad b. Zarir (?) 


MS Leiden Or. 591 (pp. 32-46, copied 630 H) contains a treatise on the 
astrolabe with a erab-shaped rete (musarfan) by an individual named Abü 
Nasr Ahmad b. Zarir (?)! Since the author mentions the celebrated astrolabist 
Hibat AÏäh al-Asturläbi (fl. Baghdad, ca. 1100) we may presume that he lived 
in the twelfth century. Abü Nasr states at the beginning of his treatise that 
asturläb is a Greek word, and that the astrolabe is a fine instrument and the 
“balance of the sun” (mizän al-shams). 


1. Abü Nagr and bia treatice are mentioned in Suter, u0. 494. 


12. Ibn Khallikän 

The celebrated thirteenth -century Syrian historian and Literary scholar 
Ibn Khallikän! discussed the origin of asturlüb in his biographical dictionary 
Wafayät al-a®yän. In his entry on Abÿl-Qäsim Hibat Allah al-Asturläbi, 
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Plate 1: Two sets of stories about the early history of the astrolabe, one in Arabic and the other in 
Persian, found in MS Cairo Tal‘at migäi 255, fol, 2 (see nos, 10 and 30). 
Reproduced with kind permission of the Egyptian National Library. 
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Abü'l-Rayhän, that is, al-Birünï, but this attribution is called into question 
by the fact that al-Birüni is mentioned in the text.! The treatise is divided 
into two magälas, parts, the first of which contains six fusül. sections, but 
the Cairo manuseript breaks off in the first fasl of the second magäla. 

The anonymous author asserts in his discussion of the origin and meaning 
of the word as/urlb that Abu'l-Hasan Thäbit ibn Qurra (see no. 4) in a book 
on the use of the astrolabe had stated that Hipparchus before Ptolemy had 
invented (wada°a) the astrolabe and had made it plane (sa//aha) in the same 
way as Läb had done. The writer continues with a discussion of the reason 
why Hipparchus had chosen a northern projection. Now the only work on the 
astrolabe known to have been written by Thäbit is a translation of the treatise 
by Abywn al-Batriq (see no. 4), but it seems unlikely that a scholar of the 
calibre of Thäbit would himself have subscribed to the story of Läb, or have 
mentioned it without critical comment. We may perhaps conclude that the 
reference to Hipparchus was found already in the treatise of Abywn, but how 
could this Greek treatise have contained the nonsense about Läb? 


L. Onthis treatise see already Sesgin, VI, pp. 18 and 169. 


9. al-Zargällu 


MS Istanbul Aya Sofia 2671,5, fols. 133v-151v, copied in 1224, is a unique 
copy of an anonymous treatise on the planispherie astrolabe,! whose author 
can be identified as the eleventh-entury Toledo astronomer al-Zarqällu 
(Azarquiel).2 At the beginning of the treatise al-Zargällu states that asturläb 
is a Greek word which means akhdh al-kawäkib, “taking the stars”, because 
by means of it the derived knowledge of the positions of the stars can be ob- 
tained. Al-Zarqällu quotes Ptolemy as stating that the astrolabe is like the 
clestial sphere made into a plane, with the visible pole made to be its centre. 
al-Zarqallu is probably referring to the introduction of the Arabic version 
ef Ptolemy's Planisphaerium, a copy of which precedes his treatise in the Aya 
Sofia manuseript. 


1. This work, faleely attributed to Euclid on fol, 1r of the manuscript, is listed in Krause p. 525, 
mo. 15. 


2. On al-Zargällu see the article by J. Vernet in DSE and tbe references there cited. Ie was not 
previously known that al-Zarqälli wrote où the regular planispheric astrolabe. The author of the 
Aréatise on the astrolabe presents a star catalog for the year 45911, which is precisely the date mentio- 
med by al-Zarqällu iv one of bis three treatires on the universal plate, extant in a unique copy in fol. 
1r-76r of the same Aya Sofia manuseript (c. fols. 10r and 148). Thie partieular treatice is arranged 
in 80 Bdbs, as compared with his other two treatises of sixty and one hundred bdbs: thus each of al 
Zargällu'e three treatise is now known to exist in the original Arabie. 
3. Gf. Krause, p. 443, and Sesgin, V, p. 110. 


10. al-Hariri and Commentators 
The Magämät of the eleventh-century Basra litterateur al-Hariri are a 
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Hamza stated that as{urläb is an Arabicization of the Persian, sitära yäb, 
“taker of the stars”. 

L. On Hamza al-Hsfahäni see Brockelmann 1, p. 152, and SI, p. 221; Srsgin 1, pp. 336-337; and 
also the article in El; by F. Rosenthal. 

2. AlBirünt cites al-lsfahäni's etymology of avr 
pp. 20-21). 

3. Namely, MS Cairo Där al-Kutub Iughe 90 (49 fals., ea. 700H), 


ie treatise On Transit (1, text, p 17, trans, 


7. al. Biräni 


The great eleventh- century scientist Abü’1- Rayhän al- Birüni mentioned 
the etymology of the word as{urlab at least twice in his writings.! In the first 
instance that has come to my attention, namely, in his treatise on astrology 
entitled al-Tafhim fr sinä‘at al-tanjim. he states that the astrolabe was a 
Greek instrument called asfurläbon meaning ‘mirror of the stars”, which was 
why Hamza al-Isfahäni (see no. 6) had explained it as being from Persian 
sitära yab. Al-Birüni was not happy about this explanation, as we learn from 
his book on shadows entitled Ifräd al-maqäl fr amr al- zilal. Here he states 
that Hamza in his book al-Murväzana had stated that as{urlab is un Arabicized 
Potsian word, the origin being sitära yäb, “taker of the stars”, Al-Birüni adds 
that this Persian name may very well have been derived from the special 
faction of the instrument or may have been adapted (farraba here does not 
mean “to renderinto Arabic “but rather “to borrow a word into any language”) 
from the Greek, in the same way that Hamza maintains that the Arabie word 
is an adaptation of the Persian. Al-Birüni indicates his knowledge that 
the Greek name is asturläbon and that ustur means “star” in Greek, as in the 
Greek words astronomia and astrolojia.? He adds that he has found ancient 
books on its construction and operation by the Grecks but not by other peuples, 
and that the people of the east (the Indians) do not known about the astrolabe 
and use only shadows. 

As noted in the section on {bn al-Nadim (no. 4), al-Birüni was familiar 
with the treatise of Abywn in the translation of Thäbit. See also the next 
section. 


1. On al-Birüaï see the article in DSB by E. S. Kennedy, aod Sésgin, V, pp. 375-383, VI, pp. 261 
216, and VII, pp. 188-192. 
2. See further Pinés. 


8. Anonymous (al-Migyäs al-murajjah) 


MS Cairo Tal‘at migät 155 is a very unusual compendium of Arabic works 
on the astrolabe and quadrant, some of which merit detailed study. The 
manuscript was copied in Egypt about 1650 A. D. and several of the treatises 
are of Maghribi origin. The first treatise (fols. Lr-15v) is entitled Kütäb al 
Migyäs al-murajjah frl“amal bil-asturläb al-musatlah and is attributed to 
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4. Ibn al-Nadim, p. 273. 

5. See Sesgin, VI, p. 103. The orthography Abywn seems acceptable. Flügel'e critical apparatus 
indicates variant readings from two manuseripts: Aynun and Abnun in the first instance (p. 24) and 
Abnun and À x x un (where each xindieates a letter which can be read ae a b, n, y, lc.) in the second 
(p.26). I assume that Abywn is found in the other two munuseripts used by Flügel for this section 
{on which see p. 3). Flügel suggested on original Azay (P. 24). 

3. Lippert, ju bis edition of Ibn al-Qifi*s Ta’4kh al-hukamë" (p. 71) gave tbe name as ?nbten and 
listed no varinnts, The unique copy of s treatise on different types of astrolabes, MS Paris 
B. N. ur. 24991 gives the name as akun al-fryg (fol. 1r). 

Dodge, pp. 670-671, translates Ibn al-Nadim's remark thus: ‘The first [Muslim] 10 make a plane 
aétrolabe was Abiyin al-Bayriq'”, despite the fact that eleewhere (p. 644) be transiates; **Abiyan al. 
Batrig: I believe that be lived a little before or a litile after tbe advent of Islam”!, and elewbere (p. 
649): ‘sale Farari… was the first person in Isläm t0 make the astrolabe …"* Dodge's own notes où ABTyGn 
Cp. 943) are a mess: **He was the Bret person in Isläm to make an astrolabe of tbe planisphaerum or 
Slt type. The name may be confused with that of Abü Yahya al-Bafrig, who may have belped al. 
Fasäri t introduce the astrolabe. The name may be for Apion*?. 

6. Private communication from my freind W. J. Fuleo. 8. J. 1 bad previously wrondered whether 
Abywn might be identical with Ahron al-Qiss ‘tbe priest'”, wbo wrote on medicine in Syriac about 
the time of the birth of Islam (y. Sesgin, TL. pp. 166-168) and who is also mentioned by Ibn al-Nadin 
(p.297). Although the names Abywn and Akon could conceivably be confused in unpointed Arabie, 
this identification seems highly improbable. 

1. See note 5 above. 

8. Both Suter, p. 99, and Boilot, no. 47, suggest that 1] 
Berlin Ablwardt 5794, which is not the case. 

9. See note 5 above. 

10. On Thäbit see the article ia DSB by A. B. Rosenfeld and A. T. Grigorian, and Sesgin, V, pp. 
264-272, and VI, pp. 163-170, especially p. 169, no. 22. Dr. Richard Loroch has druwn my attention 
40 the coincidence that al-Süfi's treatise on the sphere also contained 157 chapters, 


work is the same as that found in MS 


5. Küshyär ibn Labbän 


Küshyär was an astronomer and mathematician of some distinction who 
lived in Lran ca, 1000 A. D. 1n the introduction 1 his treatise on the use of the 
astrolabe Küshyär says that asfurläb is a Greek word and that the most com- 
mon explanation ofits meaningis mizän al-shams, “balance ofthe sun”. 


1. On Küshyär see Sesgin, V, pp. 343-345, and VI, pp. 246-249, and VIL, pp. 182-183, 1 bave used 
MS Paris B.N. ur. 2487 (copied 679H) of his treatise on the use of the astrolabe. 


6. Hamza al-Isfahänt 


Al-Birüni (no. 7) informs us that the Literary scholar Hama al-Isfahäni 
(893 - ca. 970)! discussed the etymology of the word asturläb, and also the word 
au (— apogee).? Al-Birüni specifically cites al-Isfahänï'e work al. Muwärana 
as the source for his information. The full title of al-Isfahänÿ's treatise is al. 
Khasä'is wo’ lmuwäzana bayn al-“arabiya ava’l-farisiya, and unfortunately the 
only known copy thereof”® is incomplete and there is no reference in the 
surviving text of either of the terms as/urläb or awj. According to al-Birüni, 
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Hhaft — line, stressing that the word is Greek and that its derivation from 
an Arabic root indicates stupidity and folly. 
1. have used the Cairo edition of his treatise: see al-Khwrismï in the bibliography. This appears 


19 be based on the edition of van Vloten, as the *English"" title page is in Latin. On the author see the 
article “*al-Khuwäriami" by J. Vernet in DSE. 


4. Ibn al-Nadim 


The tenth-centurÿ scholar Ibn al-Nadim, author of the bibliographical 
compendium known as al- Fihrist,! states that Ptolemy was the first to make 
(famal) the astrolabe, and adds that it is saïd that it may have been made 
before him although this cannot be known with certainty.? He goes on to 
say that the first person to make an astrolabe plane (sa//ak) was Abywn(— Ap- 
ion) the Patriarch, whom he lists elsewhere as the author of a treatise on the 
planispherie astrolabe and states that he Jived “a little before (the advent of) 
Islam or a little after.”? Elsewhere he says that the mid-eighth-century Bagh- 
dad astronomer azäri was the frst person in Islam to make (amal) an 
astrolabe. Ibn al-Nadim also notes that astrolabes were made in the city of 
Harran and that they spread from there throughout the Abbasid Empire 
in the time of the Caliph al-Ma’mün, that is, in the early ninth century. 

The identity of Abywn al-Batriq is by no means certain although it 
seems probable that he was a Coptic patriarch, since the name Abywn is well 
attested in Coptic.s The only other reference to Abywn known to me in the 
later Arabic scientific literature, apart from a remark by the thirteenth- 
century historian of science Ibn al-Qifti,? which is based on Ibn al-Nadim, 
is in the introduction of a trea on the use of the astrolabe by the ele- 
venth-century scientist al-Birüni (see no. 7). This treatise differs from al. 
Birüni's other two treatises on the astrolabe, the Ist*äb and Ikhräj ma fi 
quuvat al-asturlab ilà L-fi‘l, and is extant in a unique copy in MS Paris B, N. 
2498,12 The text is corrupt and indeed the name Abywn al-Batriq miscop- 
ied.” However, al-Birüni states that he had seen Abywn's treatise on the 
astrolabe (in its Arabic translation), and notes that it contained 157 chapters 
and that it was translated by Thäbit ibn Qurra. the celebrated scholar and 
translator of Baghdad at the end the ninth ceutury.!° Al-Birüni further 
observes that the text used for the translation was corrupt and that Thäbit 
had improved it where possible and that the chapters in the book did not 
correspond te those listed in the table of contents. Abywn has previously been 
overlooked in studies of the early history of the astrolabe. In the section on 
al-Birüni (no. 7) 1 shall present evidence that Abywn ascribed the invention 
the astrolabe to Hipparchus. 


1. On Ibn al-Nadia ee the article in El, by J. W. Fück. 
2, Ibn al-Nodim, p. 284. 
3. Jbn alNadim, pp. 210 and 284. 
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Note added afier the completion of this paper: 


Prof. Paul Kunitzsch informs me that the Latin treatises on the astrolabe 
ascribed to Messahalla appear to be based on Western Islamic compilations 
based on treatise by Maslama al-Majritï or some of his disciples such as Ibn 
al-Saffär, In the Latin texts there seems to be a confusion between Mezleme, 
ete. for Maslama and Messahalla for Mäshä'alläh. Thus the Latin phrase accep- 
tio stellarum and the equivalent akhdh al-kawäkib used by al-Zarqällu seems 
to derive from a western Arabic tradition, See further Kunitssch 3. 


2. Aba Nasr al-Qummr 


Abü Nasr al-Hasan ibn AJ al-Qummi was an astronomer of the late tenth 
century.! His major work was an extensive treatise entitled al-Mudkhal ilä 
Silm akkäm al-nujim, dealing mainly with astrology but also containing 
sections on theoretical astronomy. In the second fasl of the third magäla 
al-Qummi wrote about the astrolabe and presented an etymology of as/urläb 
which was quoted by several later writers (see no. 10). No doubt the fact 
that al-Qummi was an astronomer gave authority to his derivation of asturläb, 
which was that the instrument was invented by Läb, a son of Idris, and that 
when his father asked who had drawn the lines on it (man safarahu ?) he was 
told that Läb had drawn the lines on it (hädhô asturu Lab or safarahu Lab), 
whence the name asturläb. There is no lexical evidence for the IVth form 
(af‘ala) of the root s-{-r, which oceurs in one version of the text consulted. 

In one of the copies of al-Qummÿ's treatise that I have used there is the 
additional fiction that asfur is Greek for misän (= balance) and làb for the 
sun, whence asfurläb, meaning mtsän al-shams (— balance of the sun). This 
etymology also occurs in later sources (see nos. 10 and 22). 

1. On al-Qummi see Suter, no. 114; Krause, no. 174; Brockelmann, 1, p. 253, and ST, pp. 388 and 
398; and Sesgin, VIE, pp. 174-175. 

Thave used MSS Cairo Där al-Kutub Tal‘at migdt 222,2 (fole. 60r-177r, 619H) and Istanbul Fatih 
8427,1 (fols, 1v-113v, 708H) of al-Qummi's treatise, in which the texts of the passage are rather diffe- 
rent. fn a third copy consulted, MS Cairo Där al-Kutub Mustafä Fâdil miqét 208 (91 fols., ca. 1150H), 
this section has been left out: in the introdnction to the third magäla (fol, 34v) it is stated that the 
section has been omitted because it could be done without (turika li-Listighnä" “anhu). 


3. Ab °Abd Allah al-Khwärizmi 


Various etymologies of as/urläb are given by the tenth-century encyclop- 
aedist al-Khwärizmi (not to be confused with the ninth-century astronomer) 
in his Mafätih al-“ulm. Me first states that the word means miqyäs al-nujim, 
“instrument for measuring the stars,” and derives the Greek asturlabon from 
astar=naÿm—star and läban=mir'ä=mirror, drawing a parallel in the Greek 
word astronomia for astronomy. He then speaks contemptuously of those 
who claim that Läb is the name of a man and that asfür is the plural of satr = 
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ü Abü Nage ibn Zarir 
Sbaraf al-Din al Tüst See no. 12 
Kamal al-Din ibn Y Gros See no. 12 
al-Jaghoniot See no. 10 
Nage al-Din al-Tosi See n0. 24 
Jbu al-Qifti See n0. 4 
um Tba Khallikän See also 20. 31 
13 Anonymous (Maghribi or Andalusian) 
14 Müsä ibn Tbrähim 
15 Ibn Jamäa 
16 Abü “AU aleFaris 
a alNowayri See also no, 26 
18 al-Misaï Set aléo no. 19 
Shams al-Dio al-Khalili See no. 20 
1 Anonymous (Tu fat al-julléb) See also no, 18 
20 Sharaf al-Diu al-Kbalti 
a Anouymons (spherical astrolahe treatise) 
Geoffrey Chaucer See no. 1 
u al-Damirt 
23 al-Firgrabadi See also no, 10 
24 al-Birjaodi See also nos. 10, 28, 29 
3 al-Suyüti 
26 al-Kbafijt See also no. 17 
2 Haÿji Khalifa 
28 Munajjimak See also no. 24 
29 Ishäq al-Zakäl (?) See aled no. 24 
30 al-Fôs See also no, 31 
31 Mubammad Bannani See also nos. 12, 22, 30 
#2 Miscellaneous 
33 Ahmad Bachä Makbtär 
# Ibrähim Farûgt 


1 Mäshä’alläh 


The treatise on astrolabe construction attributed to the late cighth-/early 
ninth-century Baghdad astrologer Mäshä’alläh' is no longer extant in Arabic, 
but the Latin translation? begins: astrolabium nomen grecum est cuius inter- 
pretatio est acceptio stellarum..., that is, “astrolabe is a Greek word whose mean- 
ing is taking the stars”. This last expression corresponde to Arabic akhdh al- 
kawäkib, which is also attested in various later Arabie sources. The Latin 
version of Mäsh3alläh’s treatise on the use of the astrolabe, which is also no 
longer extant in Arabie, has a different incipit. Likewise, no etymology is 
offered by Geoffrey Chaucer in his treatise on the use of astrolabe, which is 
closely related to that of Mäsh3’alläh.* 

1. On Mäshä*allah see D, Pingree*e article in DSE, and Sesgin, VI, pp. 121-129, and VIL, pp. 
102-108. His treatise dealing with both the construction and use of the astrolabe is mentioncd in Ibn 
al-Nodim, p. 213. 

2. Cf. Steinschneider, p. 18, cited in Gands, pp. 415-416. See also Carmody, pp. 23-25 and Shiat, 
pe zxv. 3. Cf. Skeat, p. 88. 4. Cf: Skeat, pp. 1-14. 
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1 make no claim to have exhausted the available Islamic sources on the 
origin of the astrolabe and the etymology of its name. I have not ventured 
further than the standard lexicographical sources, although since asturläb 
is not an Arabic word it is not listed in the most famous medieval Arabic dict- 
ionaries such as the Lisän al-<Arab and the Taj al-“arüs. However, 1 have 
checked all the medieval Islamic tratises on the astrolabe currently available 
to me." Most medieval Muslim writers on the astrolabe do not broach the 
subject of the origin of asfurläb. The following are the exceptions. 


15. The only list of medival fslamic works on the sstrolabe is Awswod, but it is severely incomplete 
and needs to be supplemented with various additional works listed in Suter, Brockelmann, Krause, 
Renaud, Storey, Sexgin, and King L. Kunützsch 2, based on some three dozen texts in Greek, Syrinc, 
Arabie, and Latin, deals with the Arabic techañeal terminology of the component parts of the astrlabe * 
but not the term osfurldb itself. 


Table of Contents 


The following is a Jist of the ancient and medieval authorities cited in thé main part of this paper, 
L'bave numbered those for whom direct quotes. are available concerning the etymology of asfurlôb 
and the invention of the instrument. The corresponding Arabie and Persian texts presented in the 
appendix aere similarly numbered. 


Ab See 0. 31 
Hermes See nos, 24,28 
Tri See nos. 2, 16, 24, 91, 34 
Lab See nos. 2,3, 8, 10,15,16, 19, 28,24, 28, 84 
Alexander (= Iekandar) See no. 34 
Aristotle See no. 34 
Hipparchus See nos, 4,8 
Piolemy See nos. 4,8, 9, 12, 14, 25, 27, 30,91, 33 
Abywa See nôs. 4, 7, 8 
al-Fasari See nos. 4, 27 
i Mishà"alläh 
“Thäbit ibn Quera See nos. #, 7,8 
2 Abü Nasr al-Quemmi See also nos, 10, 24, 28 
ÿ Abü “Abd Alläh al-Khwärizmi See also no. 27 
4 Ib al-Nadim See also nos. 1,4,7 
5 Küshyär See also nos, 10, 11, 24, 25, 27 
ë Harra al-Hsfahäni See also nos, 7, 10,24 
7 al-Birüni See also nos. 4, 5.6, 10, 24, 27 
8 Anonymous (al-Migyës al-murajjak) 
9 al-Zarqällu See also no. 1 
10 al-Hariri and commentatars See also nos. 2,5, 6,7, 24,34 
1bo al-Saffär See nos, 1, 19 
Maslara al-Maÿrit See no, 1 


Hibat AÏSh al-Asqurläbt See nos. 11, 12 
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explanations of the curious term kursi (whence English “throne”) for the 
part of the astrolabe which projects outward from the main body of the ins- 
trument to bear the ring and cord by whieh the astrolabe can be held or susp- 
ended. The kursi of the astrolabe perhaps derives from the handle of a hand- 
mirror. ft 

The popular medieval Islamic attribution of the invention of the astrolabe 
to an individual named Läb, a son of Idris (— Enoch), is pure fiction. This 
attribution occurs in the writings of Abü Nasr al-Qummi, and is criticized 
already by his late contemporary Abü “Abd Aläh al-Khwärizmi. There are 
other stories about Idris in Islamic folklore, which eredit him with the invent- 
ion of geomancy, the art of writing, and the craft of making garments.? 
The association with Lab was popular because it provided a purely Arabie 
etymology of the name asturlab. The first element as{ur is the plural of safr, 
“line”, so that asturläb means “lines of Läb”. In the later Arabic sources on 
asturläb Läb becomes a son of Hermes. W. H. Morley, in the introduction 
to a monograph published in 1856 which remains one of the most valuable 
studies un Islamic astrolabes, wrote rather unkindly: “the fables of (the) 
invention (of the astrolabe) by Abraham, Solomon, Enoch, or by a certain 
person named Läb, are unworthy of notice. 

The anecdote recorded by Ibn Kballikän about the invention of the astro- 
läbe by Ptolemy is also fiction. Ptolemy is said to have been riding on some 
animal carrying a celestial sphere in his hand; he dropped the sphere, the 
beast trod on it and squashedit, and the result was the astrolabe, The anecdote, 
which I find as charming as the story of Newton and the apple, is not new 
to the modern literature, because it occurs in the published text and translation 
of Ibn Khallikän's biographical dictionary, but it has hitherto been overlooked 
by historians of science. J have no information on the origin of this anecdote. 

Of greater historical interest is the statement attributed to Thäbit ibn 
Qurra that the astrolabe was invented by Hipparchus. This is the first instance 
in the Arabic sources of a reference ta Hipparchus in this connection, I have 
attempted to trace Thäbit’s source for this information to a Greek treatise 
on the astrolabe which has hitherto been overlouked in discussions of the early 
history of the astrolabe. But the statement about Hipparchus attributed to 
Thäbit also includes a reference to Läb, which would hardly occur in a Greek 
source. À Persian text discovered after this paper was completed associates 
the invention of the astrolabe with Aristotle, which is again fiction, 


11. This connection was first noted by Prof. Derek de Solla Price of Yale University. 

12. Cf. the article Juris" by G. Vajda in Ets. 

13. Cf. the article + Hirmis*" by M. Plesener jn El 

14. Morley, p. 5. On the astrolabe in Jewish Bible exegesie and in the Talmud and Halokbah see 
Gande, pp. 480-492. 
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are discussed in chronological order, as far as possible, The original Arabic 
and Persian texts are presented in the appendix 10 this paper. A few of the 
statements ihave been discussed previously by E. Wiedemann (1909) F. 
Rosenthal (1950),* S. Pines (1964) S. Maher (1968).5 E. S. Kennedy (1976), 
and F. Sezgin (1978)." Also S. Gandz (1927) has surveyed the references to the 
astrolabe and its terminology in medieval Jewish literature.” 

In some early Arabic texts, such as the ane attributed to Mash&’alläh 
(purious ?) and an anonymous one (by al-Zarqällu ?), we find the statement 
that asturläb means akhdh al-kawäkib, literally “taking the stars”. This corresp- 
onds to an interpretation of the Greek, assuming that the second element 
Aafoy comes from the verb aufvev, “to take”, past stem Ja. In Persian 
the phrase akhdh al-kawäkib can be conveniently rendered sitära yäb, the 
Indo-franian sitära meaning “star” and yéb being from the verb yäfian, 
meaning “to find” or “to take”. Hamza al-Isfahäni states that asfurléb is an 
Arabicization of this Persian phrase. 

Küshyär explains asturläb as meaning misän al-shams, “balance of the 
sun”. This is curious not least because misän al-shams is attested in early 
scientific Arabie as referring to a special variety of sundial.\® Abü Abd Alläh 
al-Khwärismi and al-Birüoi explain asturläb as meaning mir'at al-shams, 
“mirror of the sun”, asserting that hafoy means “mirror”, which is not the 
case. Nevertheless, the reference 10 the notion of a mirror teresting not 
least because of the resemblance between the basic shapes of an astrolabe and 
a hand-mirror. In this connection 1 have not found any medieval Arabic 


3. E. Wiedemann records the etymologies of al-Birünt, Abü “Abd al-Khwäriemi Mafütih al-ulüm), 
and Häjji Khalifa (HWiedemann 1, 1, p, 551, and If, p. 459). 

4. F. Rosenthal, in an article on al-Samaw'al and Hibat Allah al-Asturläbi publiched in 1950, 
mentioned the derivation of asfurlb from asfur and Läb suggested by Abu “Abd “Aläk al-Khwätirrnt 
and Ibn Khalikär (Rosenshal, p. 555). 

5. S. Pines, in u study of the terms 


“astronomy"® and ‘‘actrology"" according tô al-Birünf, dise 
al-Birüni (Pines, pp. 346-347). 

6. S. Maher, in her book on the navy in Muslim Egypt, eited and reproduced the text of the deriva- 
tions in the marginalia by lshäq al-Zaqäli to the anonymous treatise in 15 “ayls, and in the fifth 
magéla of the treatise by Munaÿjimak (Maber, pp. 255-256 and 386-387). 

7. E. 8. Kenvedy diseussed the statements of al-Birüni in the Shodotes in his recently-published 
commentary thereon (al-Biräni 2, text, p. 69, trans., p. 111, comum., p. 53). 

8. F. Sesgin in his monumental bio-bibliographical survey of early Islamic literature diseustes 
the attribution of the astrolabe to Hipparchus in the treatise al-Migyôs al-murajjah which is falsely 
attributed to al-Birünt (Sesgin, VI, p. 78). 

9. Gands contains references to the etymologies of Mäcba'alläh, Häjji Khalifa, and Lane. The 
reference to an etymology by “Ali b. <Is3 (p. 475) is in fact « reference 10 the etymology of Abü Abd 
AUb al-Khwäriarnl. 

10, C. Dosy, II, p. 809, where no specific medieval context is mentioned, See, however, E. 8. 
Keanedy*s translation and commentary of a passage ou an instrument for reckouing time of day 
called misän which is described by al-Birüni in his book on shadow (al-Birünï 2, 1, pp. 153-156, and 
LL, pp. 82-83), and aleo the remarks in King 2, pp. 49-50. 


The Origin of the Astrolabe According to the 


Medieval Islamic Sources 


Davin A. Kino® 


HE MEDIEVAL ARABIC asfurlb or asturlëb for astrolabe was 
derived from the Greek äorpélaños (or äorponifov é'eyavev), name 
of several astronomical instruments serving various purposes, including 
the demonstration and graphical solution of many problems of spherical 
astronomy.! As Otto Neugebauer has shown in a section on the early history 
of the astrolabe published in his monumental History of Ancient Mathematical 
Astronomy, the underlying theory of stereographic projection was known 
in the time of Hipparehus (ca. 150 B.C.) and the astrolabe as it was known 
in medieval times was probably first described by Theon (ca. 375 A.D.).2 
The purpose of this study is to draw attention to a series of statements 
in the medieval Islamic sources about the etymology of the Arabic word 
asturlb or asturläb and about the invention of the instrument. These statements 
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we have shown how such a line may be drawn by fixed géometry”. On the 
other hand, if the work on the nonagon were an early one, composed before 
he framed his views on vergings, it is strange that he would write in his treatise 
on trisection that “nothing relating to this problem (trisection) has been solved 
either by the ancients or the moderns except for these two geometers (Abü 
Sal al-Kübï and Thäbit ibn Qurra)”, [9, pp. 117-18]. Presumably the const- 
ruction of the nonagon by trisection would “relate to this problem”; so rather 
than assume al-Sijzi was keeping silent about a youthful work he regretted, 
we conclude that he did not write this treatise. 

Two other persons known to have written on the nonagon during this 
period were Abÿl-Jüd and al-Birüni; but the former used conic sections 
rather than vergings and was more interested in an algebraic approach to 
the problem, while the latter says of constructions of the nonagon by movi 
instruments or conics that “they are of slight use when it comes to numbers’ 
and then gives two algebraic methods for obtaining the side, [3, p. 287]. 
Moreover the rather ponderous style of proof in the present treatise, including 
the citation of Book I of The Elements on the exterior angle of a triangle and 
the proof that TG intersects AE in the direction of E, hardly recalls that of 
either of these two mathematicians. 

We conclude that the treatise is incorrectly attached to that of al-Sijzi, 
since he did not write it, and that it is the work of a tenth-century geometer 
whom, without further evidence, it is impossible to identify. In view ofthe 
striking similarity of its key step to the proof of the Banû Müsä, this troatise 
appears to be another instance to the influence of the Ban Müsa’s work in 
medieval Arabic mathematics, 
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be on His prophet Muhammad and his family. (19) Its editing was fnished 
in Mügulin Muharram the year 632 (Hijra). 


Commentary: 


Only the inclusion of this treatise in Bankipore 2468 lende some support 
to our supposition that The Nine-sided Figure was composed in the latter 
part of the tenth or the early eleventh century, for that is the period from 
which most manuscripts in this codex come. Certainly from the point of view 
of the contents it could have been written at any time during the Islamic 
period. Thus, when al-Birüni remarked in al-Qänûn al-Mas‘üdi that one can- 
not trisect a general angle without moving instruments or using conic sections 
L3. p. 287] and observed that to construct a regular nonagon it suffices to 
trisect two-thirds of a right angle [3, p. 297], he was merely summarizi 
what had been known to geometers since antiquity. Even the Banû Mü 
gave in the mid-ninth century in their Book of the Knowledge of the Measure- 
ment of Figures exactly the procedure for trisecting a general rectilineal 
angle that is used here for trisecting one of 600, (1, p. 24]. 

When the lettering in their proof is adapted to Fig. 1 the proof runs as 
follows. Draw a diameter YDN || BG and draw NG.Thus GT is equal and 
parallel to ND, and so NG is equal and parallel to DT. This means GN 1 DE; 
80 GN, and hence CN, is bisected by DE. Thus ÉN = 3 EN. But ÉY = ÉN 
and ÀY = ÉN, so ÂŸ — 4BŸ, and so «+ ADY = 44 ADB. Thus the 
treatment by the Banü Müsä makes it plain that TD is equal to the chord 
of an are that is ÿ of BA, which is a key step in The Nine-sided Figure. 

Thus the purpose of the present treatise appears 10 have been simply to 
point out that when a well-known trisection procedure is applied to an angle 
of 60°, the verging produces directly the side of the regular nonagon iself. This 
is a very nice observation, giving a surprise ending to the usual construction, 
and certainly one worth a short treatise. 

Since this short work immediately follows al-Sijzt's The Transversal Figure, 
itis tempting to suppose he was the author, for be also wrote on the trisection 
of the angle and the construction of the regular heptagon, and such an elegant 
construction of the nonagon would complete this activity very nicely. However, 
in view of the fairly clear and consistent attitude al-Sijaï displayed towards 
verging constructions he probably would not have considered such a const- 
ruction of the nonagon as valid, much less elegant, for in his treatise on the 
trisection of an angle he describes a verging construction in a “Proposition 
resolved by one of the ancients by means of a straightedge and compass but 
which we must resolve by means of fixed geometry”, [9, p. 120]. 

It does not seem likely that after expressing such a view al-Sijzi would 
write a treatise using a verging construction without at least adding, “and 


38 J. L. BERGGREN 


point T and the cireumference at the point G, and TG is equal to half the 
diameter, then I say that the line TD is always (20) equal to the side of the 
regular nine-sided figure in it (the circle)? The reply is that that is true; 
(21) what L claim about it is sound. The proof of it (is as follows): We produce 
the diameter AE and the chord EG in straight lines in the directions (22) of 
E, G so that they meet; and I say first that their meeting is possible and the 
contrary is impossible, for if it were possible that the two were produced (23) 
and did not mect, then we draw from the point G a perpendicular to the dia- 
meter, GL. Then the lines AE, BG are either parallels (24) or their distance in 
the directions E, G is further as they run side-by-side. If they are parallels, 
then TG is equal to (25) DL because of the parallelism; but it was supposed 
equal to DE, i.e. equal to half the diameter. and that is a contradiction. 
Thus their distance (26) in the directions E, G is wider than parallelism; and 
that is even more of a contradiction because of what we proved (since such 
a GT would be even smaller than the previous GT, and hence less than the 
radius), Thus it is necessary (27) that the two lines EA, BG meet if they are 
produced in straight lines in the directions £, G: so let them be produced and 
let their meeting be at (28) the point K and draw BD, DG and produce CM 
parallel to DK. Then the ratio of TM to MD is as the ratio of TG (29) to GK; 
and TM is equal to MD. since TG is equal to GD jand GM is perpendicular to 
TD. Thus TG is equal to GK, and because of that (30) DL is equal to LK. 
Since the exterior angle BGD of the triangle GDK is equal to the two opposite 
interior angles GDK, GKD, as proved in the first book of The Book of The 
Elements, while the angle (280r:1) BGD is equal to the angle GBD. since BD 
is equal to DG, and the angle GDK is equal 10 the angle GKD, the angle KBD 
(2) is equal to twice the angle BKD. Similarly, the exterior angle BDA of the 
triangle BDK is equal to the two opposite interior angles DBK, DKB; (3) 
(s0) angle DBK is two-thirds of angle BDA and the angle BKD is one-third 
of angle BDA. (4) However, triangle ABD is equilateral, since AB was sup- 
posed equal to half the diameter, so angle BDA (5) is two-thirds of a right 
angle and thus angle BKD, i.e. angle GDK which is equal to it. is two-ninths 
of a right angle. Certainly (6) the sum of the angles around the center in any 
cirele is four right angles; (1) so it is necessary that the angle whose chord is 
(8) the side of a regular nine-sided figure in any circle (9) four-ninths of a right 
angle. We have already proved (10) that the angle GDK is two-ninths of 
a right angle and the line GL (11)is half the chord of double the arc GE; (s0) 
the line (12) GL js half the side of the regular nine-sided figure (13) in the 
circle ABG. Also certainly the line (14) TD is double the line GL, since its 
ratio to it is as the ratio (15) of TK to GK, and TK is double GK by what we 
proved. Thus TD (16) is equal to the side of the regular nine-sided figure in 
(17) the circle ABG; and that is what we wanted to prove. This is its figure. 
(18) It is finished with praise to God and with His good success. His blessings 
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J: 1948 Osmania Oriental Publications Bureau published a collection of 
twelve treatises, mostly from the 10th and 11th Centuries, taken from the 
codex Bankipore 2468, [7]. Over thirty years have elapsed since then but only 
three of these treatises have been the subjects of published investigations 
and one more has been translated (into Russian). Although the cover states 
the volume contains eleven treatises there is in fact a twelfth, an anonymous 
tréatise attached both in the codex and the printed book to the work of the 
10th century scholar Muhammad b. “Abd al-Jalil al-Sijzi, On the Transversal 
Figure. Perhaps because this treatise ends half-way down f. 279v of the ma- 
nuscript and the anonymous treatise The Nine-sided Figure begins on the 
next line, there is no mention of the latter in such standard works as Brock- 
elmann [4] or Sezgin [8], although Hermelink noted it in his review of the 
volume [5]. 

The purpose of the present paper is to translate and comment on The 
Nine-sided Figure and to consider its authorship. In a separate paper [2] we 
consider the treatise to which it is joined, the previously unstudied treatise 
of al-Sijzt, On the Transversal Figure. À facsimile of the manuscript text 
appears on p. 36-33 of this journal. 

In the following translation “(m r/v:n)" denotes the beginning of line n 
of folio m (rectoluerso) of Codex Bankipore 2468, while a simple “{n)” denotes 
the beginning of line n. Parentheses enclose additions to the text or explana- 
tions, and the figure found in the text is copied as nearly as possible, with the 
letters transcribed according to the system of Kennedy and Hermelink (6], 
in Fig. 1; however the lines NY and NL are not in the text and have been 
added by us to facilitate our later discussion of some work ofthe Banû Müsä. 

What follows is a translation of 
The Nine-sided Figure. (279v:17) The 
nine-sided figure. What is the proof of 
the assertion of one who says, “(Given) 
the circle ABG whose center is D and 
whose quartering diameters (18) are 
AE, ZH, if the two chords AB,BG are 
drawn in it subject to the condition 
that AB is equal to half its diameter 
and BG cuts the diameter (19) at the 
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MS Bankipore 2468, ff. 278v-279r. Reproduced with thanks. 
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MS Bankipore 2468, ff. 219e-280r. Reprodued with thanks. 
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line AG. By similar triangles AB:AD — BE:DH — 
(BE:EZ) (EZ:DH) and EZ:DH — ZG:CD (again 
by similar triangles); so AB:AD = (BE:EZ) (ZG: 
GD). See Figure 2a. D 

We note that while the idea of the proof, so far 
as it applies to a particular case, goes back to Pto- 
lemy (The Almagest [3], pp. 45-6), the use of the 
chart of permutations to produce twelve diagrams 
to which one proof applies seems to be al-Sijzi'e 
own, very attractive, idea. 

At the end of the proof (44r) al-Sijzi writes:The Med 
proof of it was composed by the methods which I 
proved in my book The Compound Ratio for Every Method. one explanation 
for the twelve cases. And this is another one of those proofs, which I indicate 
in red when it differs from them, and the extension ofits lines and its letters 
are also in red in the transversal (figure). This method is easier than the rest 
of the methods I have seen in their books. At this point we will break off the 
discourse since our goal is attained in this letter. Praise is God's regarding 
the goodness of his deeds and may God bless our lord Muhammad and his 
family and his companions, and peace on them. It was derived on the first of 
Mubarram, the year 389 Hijra”. 

There are no red letters or lines in the diagrams accompanying the treatise, 
but there are additional lines in the diagrams, namely lines labelled BH and 
passing through B parallel to DZ, just as the line used in the proof was 
labelled DH, passed through D. and was parallel to BZ. These may be the 
lines that were originally in red and there is no diffculty is forming a proof 
using them, one that is entirely analogous 10 the proof al-Sijzi gives using DH, 
(details in [A], p.53). See Fig. 2a. , an exact copy of one in the manuscript. 

The passage quoted above makes it clear that the work al-Sisji refers to 
in his Transwersal Figure as The Compound Ratio is not the treatise we are 
summarizing but an as-yet-unrecovered work of his whose full title was The 
Compound Ratio for Every Method (al-nisba al-mu’allafa li-kulli farig). 

Then, though the passage quoted would seem 10 be the end, the treatise 
in fact continues for another page and a half, including a table stating what 
form the proportion a:b = (g:d) (e:w) takes if two quantities, such as a and g, 
are equal. That this appendix is really by al-Sijzi is shown when, having given 
the table just mentioned the author writes “And we compose tables for deter. 
mining the unknown one of six magnitudes when five of them are known, and 
the proof is in my book On the Compound Ratio”. These tables, however, are 
omitted by the seribe, even though the treatise ends with instructions for 
their use. 
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true, it is not of much use, since the other 

ratios entering into the proportion are al- 

tered). On 42r he comes to the main point K 
of the treatise. He realizes that if he is to 

give one proof valid for the twelve cases # T 
urising from one side of the diagram, the 

lines in each of the twelve figures to which 

bis proof applies will have to bear some 

pérmutation of the labels ADB, AEG, BZE 

and GZD. To this end be makes the fol- 

lowing chart of the permutations (ibdäl) 

of the three letters in each of these labels. 8 


Fig. le 


CHART la. 
as found on f. 42r of the manuscript} 


The first ABD AD BAD BDA DAB  DBA 
The second AEG AGE EGA EAG GAE  GEA 
The third BZE BEZ EBZ E2B 2BE ZEB 
The fourth DZG DGz 2DG 26D cpz GzD 


There is no simple rule that would generate the chart from its first column 
though the interchange of entries (2,3) — i.e. second row and third column— 
with (2,4), (3,3) with (3,5), and (3,4) with (3,6) would produce a chart in with 
the entries in any one column are generated from the corresponding entries 
in the first column by the same permutation, In any case, al-Sijzi now shows 
how, if we choose one of the above labels for any line of the tranversal figure, 
we may use the chart to determine the labelling of the other linés. He takes 
the case when we label the “frst” line DBA. We find, he says, that among the 
other lines there are two emanating from Dand À with only one point in come 
mon, and s0 “we seek the common (letter) from the beginning of tho two rows 
of the second (table) and find G*. Then the second row shows immediately 
that the letter following AG is E, and the fourth row shows that the letter follo- 
wing DGis Z. 

Thus the entries in the first and third rows allow us to form twelve dia- 
grams illustrating the twelve cases of the transversal theorem in which the 
letters 4,B,D,Z and E label the two right-hand lines. For each of these twelve 
cases he proves (43v) that AB:A4D — (BE:EZ) (GZ:GD), as follows. In each 
figure draw DH parallel to BE, where H is the intersection of DH with the 


30 JL. BERGGREN 


Acknoreledgements: 


1 wish to thank the Institute for the History of Arabie Science of the 
University of Aleppo for providing photographs of the tre 
Bankipore 2468 studied in this paper, as well as J. Hogen. 
J. Sesiano for providing copies of works which, in al-Sijzi'e 
exist in the city 1 inhabit”. Finally 1 thank H. E. Kassis for saving me from 
several blunders in the translation of the preface to al-Sijais work. 


Bibliography 

1. Bjérnbo, A.,Thäbits Werk über deu Transversalensatz (liber de Sgure sectore), Mit Bemerkungen 
vou H. Suter, Hsg. vad ergaost . vou H. Bürger und K. Koh, Abh. sur Geschichte der Na- 
turwiss, und der Med., Heft VIT, Eclangen (1924), 1-90. 


2. Kennedy E. $. and H. Hermelink, *‘Transeription of Arabie letters in Geometrical Figures**, Journal 
efthe American Oriental Society, 82, No. 2 (April — June ,1962), 204. 

3. Ptolemy, C., Handbuch der Astronomie (Vol, 1), and comm. by K. Manitius with preface and correc- 
tions by O. Neugebauer (Leipzig: B. G, Teubuer, 1963). 

4. Rosd'lilu”tmurafarrigs fi'khaïot li! mutogaddemin wa mu‘égirey il-Biränf (Hyderabad-Dn.: 
Osmania Oriental Publications Bureau, 1948). 

S. Sengin, F., Geschichte des orabisehen Schriftums, Vol. V (Leiden: E. J. Brill), 1978. 

6. ALSijat, “Abd al-Jalil SPL tabgil qñ° alnisba almu”allafn alithpaf acbara {1'Lubakl al-qutt3® 


almusattah bi-tarjans wäbida wa kayfiyat al-açlalhdhi tatawalladu miahu bädhibi'-wujüh"", 
Leiden, MS Or. 168, f. 41-440. 


Appendix 
Al-Sijzi's treatise on the compound ratio in MS Leiden Or. 168 


Since in the treatise we have discussed above al-Sijzt does not deal with 
the plane case of the transversal theorem, we have thought that the reader 
might wish to have a brief account of the one known treatise where he does 
discuss the theorem, namely his Fi tahsil ig4° al-nisba al-mu’allafa …, Leiden 
MS Or. 168 (#. 41r - 44v). Another account may be found in [1]. 

Al-Sijzi begins (dr) by distinguishing among the twelve cases obtained 
from “one side” of the transversal figure the four cases obtained by tarkib, 
the two obtained by tafsil, and the other six obtained by ibdal (interchanging 
antecedent and consequent in the previous cases). On 41 he next shows that 
when we prolong BE to H, so that EH — EZ (Fig. la.), and complete the 
Bgure to a transversal figure GHL, LAB, BZH and GZD, ratios such as BE: 
EZ, which were examples of tarkib in the first figure, may be replaced by equal 
ratios (in this case BE: EH) which are now examples o tafsil. (While this is 
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CHART I 
SIX CASES 
THEOREMS IN ORDER PROOF FOR 4DB 
= Sin À, Sin © Intersection of planes ATG, THE. | Whole to lower 
Sin À So D From Theorem 3 of his book. part 
= Siu 2 , Sin © From Theorem 4. Lower to whole 
Sin Sin À 
Sin © Sin @ Intersection of planes 4EG, BDZ. | gp do upper 
bain FR Sin D From Theorem 1. 
Sn D _ Sin D , Sia 2 Number not given, Upper ta whole 
SinAè Sn? Six 
Sin ÉD _ Sin F2, Sin CÈ Intersection of planes DZG, BAE KE 
ALTER = ner to upper 
sinDÂ SinZË Sinéà From Theorer $. 
So DA _ SinéÀ , Sin 2 
me From Theoren 6. Upper 10 Jower 
Sin ÉD  Sn6Ë Sin 2 
SIX CASES 
FOR BZE 
A, sn® Tatertection of planes AG, BD. | que so upper 
in 62 
SE _ Sn, Sin D Pie Tisdtesn É Uppe tombes 
Se Sn Sin 48 
ik ADB, À 
Sin Æ _ Sin À , Sin CD Iatertection of planes ADB, GEZ. | io lover 
Sin F7 Sn Si € ea Phase fe 
Honr  Snre Eh AË From Theorem 10. Lower to whole 
SinBE SinDè Sin ÂË 
5 ï si intersection of planes DZH, BAE, 
Safi SufD See | Itewtinotn Lower to upper 
Sin £2 Sin AD Sin CÈ Number not given. 
SE _ SaËè, SisAD From Theorem 12. Upper to lower 
Snf Sn SD 
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We conclude by comparing al-Sijzï's treatment of the transversal theorem 
with that of his two well-known predecessors, Ptolemy and Thäbit b. Qurra. 
Ptolemy states but two cases of the theorem and proves only one, for his 
interest is in providing in brief compass a useful tool for astronomers to solve 
such problems as that of finding the declination of the sun given its longitude. 

Certainly both Thäbit and al-Sijzi were also aware of the astronomical 
applications of the theorem and the latter writes, nearthe end of his treatise 
(279v: 13-14), “For it is my intention, when I have the time, to compose a 
detailed book on celestial ares, in which the uses of the sought goal in regard 
to the transversal figure would be fulfilled.” However, both men evidently 
saw the need of providing a complete mathematical basis for these uses. Ptol- 
emy' attitude, on the other hand, was probably well-summarized by Thäbit 
who wrote of him that he felt “the reader who understands could, with one 
example available, find the proofs of the remaining forms for himself” [1, 
p+ 27]. 

Although al-Sijzï and Thäbit had the same goal, their procedures differ 
cousiderably. While al-Sijzi aimed at deriving each of the twelve forms shown 
in Chart 1 by a uniform method from the corresponding plane theorems, 
Thäbit saw that the first case described by Piolemy was one from which all 
the other cases could be derived. Thus he filed in the gaps in Ptolemy's proof 
of the one case and proved the other basic case, stated but not proved by 
Prolemy, from the first. He then went on to assert that all the other cases 
could be reduced to these two, following which he shows how these two cases 
could be proved without using the plane form of Menelaos’ Theorem. Finally 
he concluded with a demonstration of how, given six (comparable) quantities 
a, b, g, d, e, w, and a relation a:b — (g:d). (e:10) one could derive seventeen, 
and only this many, other relations, such as a:g — (b:w) . (e:d). 

Thus Thäbit's basic contribution lies in pointing out that all forms of the 
theorem are derivable from one form, even if such a derivation is carried 
out in detail only for one case, whereas al-Sijzi carried out the details of the 
proofs of the twelve statements given in Chart I according to a uniform pro- 
cedure. With Thäbit therefore the unity Lay in the basic theorem while with 
al-Sijzï it lay in the one procedure, Both treatises, in providing unified, 
thorough treatments of a major theorem, were independent steps in recogn- 
ising the mathematical discipline of trigonometry. 
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The pair translated from al.Sijzi's treatise is entirely typical in that the 
twelve theorems fall into six such pairs, namely 1, 2; 11, 12 - where the 
second member of each pair proves the case obtained from the first by invert- 
ing all three ratios. In the case of each pair the statement of the second opens 
with the phrase “We repeat this figure”, and the proof is quite short, since 
al-Sijzi is able to use the same plane transversal figure as in the first. 

In his previous treatise The Compound Ratio al-Sijzi explains that in the 
plane transversal theorem twelve cases arise because on the line AB there 
are three segments AD, DB and AB, any two of which form a ratio (in two 
Ways), and s0 we obtain six different ratios from AB. Similarly, we obtain 
six different ratios from BE for a total of twelve, “and as for the statements 
of the ratios of AG and its segments, they are like the statements of the ratio 
of AB as far as obtaining them and similarly the statements of (the ratios 
of) GD are like the statements of (the ratios of) BE", [6, £. 41v : 2-4]. The 
corresponding twelve cases for the sphere constitute the propositions of the 
present work. 

In this treatise al-Sijzï, unlike Ptolemy and Thäbit, states each of the 
twelve theorems using Sines of the ares. The proofs, however, proceed along 
the same lines as Ptolemy's: each case of the spherical transversal theorem 
in reduced to one of the plane cases, which he usually cites by number from 
The Compound Ratio. These plane cases are all generated in a uniform manner, 
namely by intersectiong three radii of the sphere with chords of great 
circles (both being produced if necessary), to obtain three points which he 
proves lie on a straight line by proving they lie on two planes. (As we have 
seen, the epecification of the points is not always so clear as it might be.) 
This straight line is then the fourth line of a plane transversal configuration. 

Chart L states the twelve propositions of al-Sijzi's work in the order he 
proves them, giving for each one the intersecting planes that produce the 
fourth line and the theorem number of the result he uses from his work on 
compound ratio when he cites it. The third column gives for the reader's 
convenience a verbal description of the ratio that is to be expressed as a com- 
pound ratio. 

The chart reveals al-Sijzi’s systematic treatment ofthe twelve propositions, 
in which for each of the two segments he deals first with the four cases of 
tarkib and then with the two cases of tafsil. Were it not for one anomaly, his 
arrangement of the spherical propositions would follow that of the corres- 
ponding plane theorems, as the second column shows. One would rather have 
expected the propositions to oceur in the order 3, 4, 1 and 2, but the possibility 
that a later writer arbitrarily re-ordered them or that some codex folios got 
out of order is exeluded by the words “it is necessary to retain this exception 
for the totality of propositions in this book” in the opening part of Propo- 
sition 1, for they show this is indeed the first theorem. 
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and we draw (8) HG which we produce indefinitely (to come point T). We draw AE and pro- 
dues it until it meets the line HT at the point T. We imagine (9) a straigbt line between the 
two points B, T so the triangle ABT is on a plane. We (also) imagine a straight line from the 
point D (10) to the Point T se the surface HDZGT is on a plane; thus the plane HDZGT cuts 
(1) the plane ABT in a straight line common to the two of them. But (then) the pointe (12)K, 
L, T lie on the common section and so these points lie (13) on a straight line. Thus the straight 
line joining the two points (14) K, T passes through the point L, and £o there results here the 
figure (15) whose sides are related by compositic AB, AT, T [K](L) and BE. Hence ,the 
ratio of BK (16) 10 KA is as the ratio of BL to LE compouoded with the ratioof ET to TA, 
which we proved (17)in the &ftk thearem of our book on compounded ratios. However, (18) the 
ratio of the Sine of the are BD 10 the Sine of the are DA is as the ratio of EK to KA, as we 
proved by way of a lemma, and the ratio of the Sine (of the are) BZ to (19) the Sine of the are 
ZE is as the ratio of BL to LE ,and the ratio of the Sine of the are EG to the Sine of the arc GA 
as the ratio of ET 40 TA (20); and so the ratio of the Sine of arc BD to the Sine of are DA is 
the ratio of the Sine of are BZ to the Sine of are ZE compounded (21) with the ratio of the 
Siue of arc GE to the Sine of arc GA, and that is wbat we wanted to prove. 


He now states and proves Proposition 6. 

(Tr:21) We repeat thie (22) figure and we say that the ratio of the Sine of the are DA to the 
the are BD (the copyist repeats the whole phrase from ‘*ratio"" to *BD*' (23) is au the 
tio of the Sine of the are AG Lo the Sine of the are GE eompounded with the ratio of the Sine of 
the are EZ to the Sine of the are ZB. (24) Its proof: We proved concerning the preceding figure 
that the comunon section of the two planes GDZT, ABT is the line KLT, (25) and 80 the ratio 
of AK 10 KB is as the ratio of AT to TE compounded with tbe ratio of EL to LE- and we proved 
thatin the sixth theorern (26) of the Beck ef the Compound Ratio. 


The next four lines just apply the introductory lemmas to replace the 
latter ratios by ratios of Sines, and we shall not repeat them here, 

Before we comment on the above, we quote for comparison Ptolemy's 
proof of one of the two cases he discusses, since it is exactly that proved by 
al-Sijaï in Propotion 5. (Since Ptolemy labels the points on the left D and B 
and those on the right E and G,we have changed bis lettering to fit Fig. 3.) 
What follows is from the Almagest [3, p.50; lines 1-20]. 

From the center H of the circle draw straight lives HD, HZ and HG. Draw the connecting line 

AE and prolong it until it euts the prolongation of HG at T, Similarly the connecting lines EB 
d AB will cut HZ and HD at Land K (respectively). Since the three pointe K, L'and T 

in the planes of triangle ABE and the circle GZD, they lie on a straight line, The line which joins 
these points produces the following figure: the straigbt lives TK, BE, wbich crocs at Z, are drown 
inthelines TA and BA [3, p. 50]. 

The remainder of Ptolemy’s proof is simply the application of the plane 
form of Menelaos’' theorem and the preliminary lemmas 10 obtain the desiréd 
conclusion; however, the portion quoted shows plainly the dispatch with 
which Ptolemy defines the three crucial points T, K and L and shows they 
lie on a straight line. In contrast, al-Sijzi does not carefully define the two 
points K and L and he dwells a bit longer than Ptolemy on the fact that these, 
together with T, lie on a straight line, but to no more effect, for both authors 
leave it to the reader to convince himself that each point is both on a line in 
one plane and on a line in another. 
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each other in the point Z. I say that the ra- Fy 
tio of GA to AE is equal to the ratio of CD 
to DZ compounded the ratio of ZB 
to BE" and, with the same hypotheses, 
“the ratio of GE to EA is equal to the ra- 
tio of GZ to ZD compounded with the ra- H 
tio of DB to BA" (3, p. 45]. The first 
,in which one of the terms in the E 
initial ratio is a whole segment, the 
Greeks called kata synthesin and the D 
Arabs tarkib, while the corresponding 
words for the other case were kata diai- 
resin and tafsil. ; Al-Sijzi does not state 
these theorems, but refers the reader toa G 
treatise of his that he refers to by the ut 
title_K, al-nisba al-mu’allafa whenever be ” 
needs to refer to one of the twelve cases of 
the plane transversal figure. The only treatise on this topic by al-Sijzï known 
to us is in Leiden, MS Or. 168, and is eutitled anit fi tahsil iga* al-nisba al-mu’al. 
lafa_alithnaï “ashara ffl-shakl al-gaitä® al-musattah bi-tarjama twôhida wa- 
kaifiyat al-asl alladhi tatawalladu minhu hadhihilwujah: see Sezgin [5, p. 
332]. However, Mr. J. Hogendijk has called our attention to the fact that 
this treatise ends with the sentence 
LA LE pi Ji jeep 

and this means that it was composed on the first of Muharram 389 AH. ( = 
end of December 998 A.D.). Since we have already pointed out that al-Sijzi 
wrote the present R. fi shakl al-qatta® sometime prior to 969, it follows that 
the K. al-nisba al-mu”allafa is not the treatise in Leiden, Or, 168, 

Following the above lemumas al-Sijzi states and proves his twelve proposi- 
tions, of which we now translate the fifth and sixth (see Fig. 3). 


Proposition 5: 
{218r:4) We postulate the two ares AB 
AG of great circles containing the an° 
gle À au we draw ares (S) BZE, GZD 
from the two points B,G meeting at 
the poiat Z. I say that the ratio of the 
ne of are BD to (6) the Sine of are 
the ratio of the Sine of arc BZ 
0 the Sine of are ZE compounded with 
the ratio of the Sine of are GE 19 the 
Sine (7) of are GA. Its proof: We draw 
AB and BE and produce from tbe cen- 
ter of the circle, H, two lines HZ, HD 
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and 1 am not unaware of the respect due of 10 you, but (for the fact) that it was mentioned that 
ABS EHasan Thäbit b. Qurra al-Harränt bad (written) a book inquiring (17) ioto this Seld, called 
The Book ef the Transwersal. But have not seen this book and it does not exist in this city (18) 
L'inbabit; so [ requested the book be brought 10 this area, +0 that the burden of being expored 
20 the notiaus (19) of those who (merely) leaf through (a work) may vauish from me as well 
as the opinion of those who really study. For à boak, wben it is separated from its author and is 
far from him wbo makes clear its obseurity, will not (20) lack adverse bair-splitting jadgement 
from some people about it nor their calumnies against it, either because it conflicts with wbut 
they customarily employ in (21) explaining, abridging or expanding or (because of) other things 
that some of them have forbiâden others to do. Thus their haste is (22) 10 find its author inade- 
quate and their censure of him is in proportion to their submission to their wbim. We are driven 
(23) 10 this (jugement) by this town in which we are. Indeed, the great mass of people consider 
the investigation of geometry blasphemous and count (21) ignorance of it a boust. They Gnd it 
lawfal to Kill him who believes in its carrectness with perserverance, as well as (in) its ability to 
strengthen insight, to train (25) the soul und 40 accustom bebavior in the paths of truths. However, 
when the days lengthened your delay and 1 did not succeed (26) in wbat 1 bad hoped for in ob- 
taining that book nor any other book written on this topie, I feared that (27) 1 would bold in your 
opinion the status of one who promises but breaks (his promise). Thus 1 wrote this treatise and 
with it undertook the elucidation and epitomiration(24)of whatisnecesury to obtain the sought 
goal. 1 shunned elaboratiog the superiluous. And that is where (29) I begin, relying ou God the 
Exalted, trusting in Him. 


The introduction gives no elues to the identity of the friend to whom a 
certain respect was due or the name of “this city I inhabit”, both items we 
should very much like to know. It does say, however, that be wrote the work 
without having seen either Thäbit's Book of the Transversal or any other work 
on the topic. Now Sezgin records many copies of Thäbit's work, among them 
“Paris 2457/37 (f. 164-170, 358 H., Abschrift von as-Sigzi)” [5, p. 268]. This 
means that in 358 H. (969 A.D.) al-Sijzi saw and copied Thäbit's work so this 
year is an upper limit of the date of composition of al-Sijzï's The Transversal 


Figure. 
The body of this treatise begins with 
statements and proofs of two lemmas 
stating (see Fig. 1) that when a chord 
GD(GB) of a circle BGA is cut external- 
ly (inter ally) by a diameter at Æ (at 
K)then Sin GB: Sin DB—CE: ED (Sin 
GD : Sin DB=— GK: KB). The same 
lemmas stated in terms of “the chord 
oftwice the arc”, appear in the Alma- 
gost (3, pp. 46-7] the sole work al-Sijzi 
names in his preface as his source, Fig 1 
Moreover, after stating these lemmas, Ptolemy es two cases of the 
plane transversal theorem as follows (Fig. 2) : “Within two straight lines 
AB and AG one draws two crossing straight lines BE and CD which cut 
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HE MATHEMATICIAN AND ASTRONOMER Abü Sa°ïid Ahmad b. 

Muhammad b. Abd al-Jalil al-Sijzi produced, in the latter part of the 10th 
and early 11th centuries A.D., a series of important works of which only a few 
have been studied. Among his unstudied works is the R. fil-shakl al-qattä® 
(On the Transversal Figure), a work not mentioned by H. Bürger and K. 
Kobl in their section on the history of the transversal theorem among the 
Arabs in [1, pp. 47-58], perhaps because the work is known in only one 
copy in MS Bankipore 2468, item 40, and was only published by the Osmania 
Oriental Publications Bureau in 1948 [4]. 

In this paper we present from the treatise a translation ofthe introduction, 
the fifth and sixth theorems with their proofs, and statements of all theorems 
in modern notation, We close with a commentary which, among other things, 
compares al-Sijaï’s treatment of the transversal theorem with that of Ptolemy 
[3] aad Thäbit b. Qurra [1]. Facsimiles of the entire text appear on pp: 
36-33 below. 

In the translation the notation “(m r/v:n)" signals the beginning of line 
n of folio m (recto/verso) of Codex Bankipore 2468, while a simple *(n)” denotes 
the beginning of line n. We enclose emendations in square brackets and supply 
the original reading in pasentheses immediately afterwards, while additions 
to the text or explanations are enclosed in parentheses. Figures 1 and 3 are 
copies of those in the text and the letters denoting points have been tran- 
scribed according to the system of Kennedy and Hermelink [2]. The word 
“Sine” denotes the medieval sine function, so that, when a is an arc of a circle 
of radius R, Sin a = Rsina. 

Al-Sijzi begins 

(276v:8) In the vame of God, the Mercifal, the Compassionate. In Him there is congruity. (9) 
The treatise of Abmad b. Muhammad b. Abà al-Jalil al-Sijzi (10) on the transversal figure. 
(1) May God establisb through you the abode of wisdom and make casy for you the patbe of 
achieving the goal and spare you the source of confusion, preserve you from the ruin (12) of un 
certainty and make you see the places of correctness and illuminate for you the roads of your 
good fortune and not leave yon in charge of yourself. You had, (13) may God support you, usked 
me t0metime sinee for a treatise on the derivation of Sines of ares of the sphere by way of exe 
plasation and demonstration (14) of the approach which Ptolemy described in his book the Al. 
mogest and 1 promised 10 reply to your request. 1 would not (15) bave delayed for that until 
now, meglecting what you wanted to know, nor do I consider your worth of little value, (16) 
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par rapport à la valeur trouvée en premier lieu, comme quantité [de cette 
diminution] pour le cas où la distance entre l'étoile et le soleil est d'un demi- 
cercle, Il passe alors de [la situation où l'étoile se trouve sur] la zone lumi- 
neuse” située sur le cercle de hauteur à [la situation] où elle s'en trouve 
écartée lors de sa première apparition ou de sa première disparition; il prend 
alors le rapport de la diminution de l'arc de dépression à la différence entre 
ses deux valeurs trouvées lors de l'apparition de l'étoile à l’est le matin et le 
soir, et il égale ce rapport au rapport de la distance, prise sur l'horizon, entre 
l'étoile et l'intersection du cercle de luminosité [ du soleil ] avec l'horizon, à 
cent quatre-vingt. 


3. “amd al-diyd": ef. note 32. 
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dépression] et de l'horizon, la valeur de l'are de dépression du soleil est modifiée 
parce que l’étoile se trouve écartée de la zone lumineuse qui la cachait, et 
[penche] vers la zone obscure qui lui permet de se manifester. 

$4 Ptolémée, à propos de la diminution de la valeur de cet are de dépression, 
à établi un principe qu'il nous faut exposer: il a mentionné que ceux qui l'ont 
précédé n'ont pas fait de distinction entre la valeur de cet arc de dépression 
pour une étoile lors de sa première apparition le matin et entre la valeur qu'il 
prend lors de la dernière apparition de cette même étoile sur l'horizon est, 
et qu’ils n'ont pas réalisé ce que lui a réalisé: la différence entre les deux telle 
qu’elle apparaît au témoignage des sens; en poussant très loin la précision, 
selon son habitude, il a trouvé que l’une deux est le double de l’autre. 

Si nous prenons, pui exemple, une étoile de première grandeur, nous savons 
que lorsque l'arc de dépression du soleil, à l'ouest, est de douze degrés, cette 
étoile est à la limite de la très faible visibilité, à la frange de l'occultatior 
je veux dire par “très faible visibilité” que lorsque l'arc de dépression du soleil 
diminue tant soit peu au-dessous de cette valeur, la ilité disparait, et que 
lorsqu'il augmente au-dessus de cette valeur, la visibilité se confirme et l'ou 
n’a plus besoin d'examiner soigneusement la situation, ni de faire un calcul 
délicat, ni do se fatiguer le regard à la recherche de l'étoile. 

Ainsi, lorsque la distance entre le sol ile augmente, sa visibilité 
est plus facile parce qu'elle se trouve éloignée de la lumière que le soleil laisse 
derrière lui au-dessus de l'horizon et qu’elle se trouve rapprochée de l'obscurité 
qui, au début de la nuit, à son ori; à l’est et qui s’avance d’un mouvement 
cireulaire;% si bien que lorsque la distance [entre l'étoile et le point le plus 
brillant de l'horizon] est d’un demi-cercle, l'étoile se trouve au milieu de cette 
obscurité, et à ce moment-là l'arc de dépression du soleil est à sa valeur mini. 
mum pour la première apparition de cette étoile. Nous avons dit précédemment 
que Ptolémée, après une recherche précise, a trouvé que cet are est la moitié 
de ce qu’il est pour la dernière visibilité à l’ouest; cet arc est donc de six degrés 
pour les étoiles de première grandeur, et de sept degrés et demi pour celles 
de deuxième grandeur. Comme nous l'avons rappelé, la raison en est que la 
densité d’obscurité, qui va en croissant et en se rapprochant de l'observateur, 
concentre le regard de celui-ci du côté opposé à celui de la lueur du crépuseule 
qui, elle, dilue son regard à cause de sa blancheur et de sa luminosité. 

$5 Ensuite il traite les diminutions de cet arc de dépression conformément 
à ce principe de base: il prend la quantité de la différence de l'arc de dépression 


35. L'auteur prend les deux éas où l'étoile apparaît du côté est, à six mois d'intervalle environ, 
où lever puis au coucher du soleil. Dans le commentaire précédent, pour une plus grande clarté de la 
figure, nons faisons Je contraire: le soleil eet à son eoucher et l'étoile apparaît à l'ouest, puis à l'est. 
les deux sitnations présentent des résultats identiques, 

36. Le point diamétralement opposé, sur l'horizon, au “point le plus brillant’, est alors présenté 
comme source d'obseurité. 
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terre à ce moment-là; c'est pour cette raison qu'on l'appelle “arc de dépres- 
sion”: c'est le symétrique d'un “arc de hauteur” au-dessus de la terre, ce qui 
les différencie, s'est leur situation respective. Il est évident que la croissance 
progressive de la clarté de l'aube, ou la décroissance progressive de la clarté 
du erépuseule® se fait sur l'intersection de cet are de dépression du soleil avec 
l'horizon. 


Chacun de ces deux phénomènes se présentant comme une clarté dans une 
zone déterminée de l'atmosphère, le centre de ces deux zones est plus blanc 
et d’une luminosité plus intense que leurs bords, et une étoile se trouve masquée 
par ces zones de elarté selon sa proximité de leur centre, Pour traiter ce problème 
au cours, de ce chapitre, nous prendrous en considération l'arc de dépression 
[du soleil], nous conformant ainsi à des résultats d'expériences faites en quelque 
lieu que ce soit. 

$ 3 Ptolémée et ses prédécesseurs ont porté attention à la connaissance 
de la valeur de cet arc de dépression du soleil et l’ont trouvé, pour les étoiles 
2 x 30 
Lim 
les étoiles de deuxième grandeur, égal à la moitié d’un signe, [soit ? = 15°]. 
A leurs yeux, les autres grandeurs ne se prêtent pas à un résultat analogue, 
et Ptolémée, dans son Livre sur le lever des étoiles fixes et les anw&', en vient 
à dire ce que je cite ainsi: il ya des étoiles que les anciens ont appelées cachées, 
comme le Flèche ou le Dauphin ou les Pleiades,%* et nous ne nous en sommes 
pas préoccupés, car leur première apparition est difficile à distingue ; les 
anciens n'ont pas traité leur cas par observation directe, mais par simple 
estimation: il faut mettre leur apparition en relation avec l'apparition de 
l'une de celles qui leur sont proches, parmi les étoiles brillantes qui se lèvent 
‘en même temps. 

Les deux quantités trouvées [ci-dessus] sont celles qui correspondent aux 
deux grandeurs mentionnées, lorsque ces étoiles sont sur le cercle de dépression 
du soleil, au moment où la lueur qui les masquait se dissipe et où leur visibilité 
s'affirme. 

Mais dans le cas où l'étoile, lorsqu'elle devient visible, se trouve à l'écart 
de ce cercle, et où son apparition ne se fait pas sur l'intersection de [l'arc de 


de première grandeur, égal à de signe,” { soit = 12], et, pour 


en plusieurs endroits une expression condensée, mot à mot: ‘dépression de l'étoile", dans le sens précé- 
dent; nous rétabliesons chaque fois: ‘are de dépression du soleil*, 

32. ‘ami al-fojr wa “amüd al-shafag: malgré les termes employés, le sens paraît étre purement 
classique, sans nuance technique. 

33. Burj: unité de mesure d'arc correspondant à un signe du Zodiaque :300. 

34. Nous trouvons effectivement la mention des levers et eouchers élioques de ces trois étoiles 
faibles chez nn prédécesseur de Ptolémée: Geminos, [mroductien aux phénomènes, édition et traduction 
G: Aujac, (Paris: Budé, 1975), pp. 100-108, cet auteur faisant systématiquement référence aux. ob 
servations de ses devanciers. 
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2- Texte d’al-Birünt. 
Levers et couchers héliaques des étoiles fixes. 


$ 1 Le [problème] du lever et du coucher héliaque des étoiles, dans les 
cas où ces deux phénomènes sont possibles, se pose par rapport au cercle de 
luminosité [du soleil]? il est lié à la proximité ou à l'éloignement de ce cercle, 
ét aussi à la taille de l'étoile, à sa “magnitude” et à son “arc au-dessus de l'ho- 
rizon”,# avant de lever du soleil ou après son coucher: il y a épaississement 
de la couche d’obscurité autour de l'observateur, celui-ci peut avoir la même 
faculté de perception que lorsque la nuit s’obseurcit ou plutôt la même que, 
de jour, à l'intérieur de puits profonds, ou encore sa faculté de perception est 
analogue à celle qu'il peut avoir pour les astres très lumineux lorsqu'ils sont 
observés dessous une protection qui voile le soleil aux regards; se trouve alors 
matérialisé ce pour quoi a été créé le sourcil au-dessus de l'oeil: une telle 
protection en double d'efficacité, comme lorsque l’on pose la paume de la 
main ou les doigts joints sur l'arcade sourcilière ou moment où l'oeil reçoit 
une image;” on retrouve ainsi le même procédé que celui des tubes à travers 
lesquels on peut observer. 


$ 2 [Les résultats de l'observation de ce phénomène] sont variables en 
fonction des régions et de la variété de leur climat, en fonction de la diversité 
des conditions d'expérience et de leurs résultats numériques, en fonction de 
la disparité des éléments de reférence choisis selon les diverses nations,” 
Pour de tels phénomènes, il n'y a pas d'autre solution que de se rapporter 
à Ptolemée, le maître de cet art, personne ne l'ayant rejoint à son très haut 
niveau. Il dit que l'observation de ce qui se passe à l'aube et au crépuscule 
prouve que ces deux phénomènes se situent sur un cercle de hauteur, et l'on 
sait que tous les deux tirent leur existence du soleil et de ses rayons. 

Ce cercle de hauteur passe par le soleil et c’est sur lui que l'on prend son 
“arc de dépression”! qui est sa plus courte distance à l'horizon sous la 


27. Dé‘irat al-diä”, expression reprise en Gin de texte: ils'agit ici du cercle de hauteur du soleil. 

28. Al-makih fawqa’Lard: pour une étoile, c'est l'équivalent de **l'arc de jour *” du soleil, ef. al- 
Battänt, op. eit., vol. 3, pe 3, . 4-5; pp. 48-49; p. 199. I. 16. De même que la connaissance dk 
de jour” du soleil permet, par l'intermédiaire de l'équation du jour, de connaître le lieu où il se lève 
où se couche sur l'horizon, de même la connaissance de cet are, pour nue étoile fixe, permet de connaître 
place sur l'horizon, à son coucher ou a son lever, lorsque l'on connaît la latitude du lieu. 

Eu prenant un autre sens de makth, et en coupant le texte de façon différente, nous pourrions 
interpréter ce passage comme”, Le temps écoulé entre le lever ou le coucher du soleil, et le lever ou le 
coucher de l'étoile"*; mais le paramètre ainsi défini n'interviendrait plus dans la suite du texte, noue 
avans alors préféré retenir l'interprétation précédente. 

29. “inda'l-dthär bil-bayar:ils'agit de l'influence de ce type de procédé sur la vision. 

30. C'est-à-dire les différents grands cercles sur lesquels on peut effectuer Jes mesures des ares: 
écliptique, équateur où cercle de hauteur. 

31. Il s'agit toujours, dans ce texte, de la valeur de l'arc de dépression du soleil pour que l'étoile 
devienne visible, c'est-à-dire la valeur de ,.l'areus visionis"” de cette étoile Par la suite, nous trouvons 
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et de deuxième grandeur, et la formule de modification de “l’arcus visionis”, 
Ilserait bon de reprendre les calculs de Vogt en y incluant ces deux éléments;# 
sur les quelques sondages faits dans son tableau général, la différence entre 
les chiffres qui peuvent être ainsi calculés et ceux qui sont tirés du deuxième 
livre du Phaseis n'excède pas un demi degré; mais il faudrait tout recalculer 
pour que ce soit probant, en n’oubliant pas cependant que la liste que nous 
trouvons dans ce deuxième livre n’est pas une liste de valeurs ‘“ d'arcs de 
dépression” du soleil, mais une liste de dates d'apparitions ou de disparitions 
d'étoiles. 11 faudrait alors intégrer dans le calcul une erreur possible d'une 
journée dans la date signalée, erreur qui se reporterait sur la valeur de l'arc 
de dépression du soleil, étant donnéle mouvement propre de ce dernier. Compte 
tenu de tous ces éléments, il semble ainsi, contrairement à ce que dit Vogt,# 
que Ptolémée raisonne ici à partir de valeurs fixes pour les “arous visionis" 
absolus des étoiles mentionnées. D'autre part il n’y a qu'un type de calcul 
pour les quatre phases des étoiles fixes: première ou dernière apparition sur 
l'horizon est, première ou dernière disparition sur l'horizon ouest; ce talent 
n'est dépendant que de deux données: la valeur absolue de “l’arcus visi 
constante liée à la luminosité de l'étoile, et la distance, prise sur l'horizon, 
entre cette étoile et le point le plus brillant de l'horizon, avant le lever du 
soleil ou après son coucher. 

Enfin cette identification nous permet de reconnaître dans le premier livre 
du Phaseis un référence importante pour un certain nombre d’astronomes 
arabes dans leurs études sur les levers et couchers héliaques des étoiles fixes 
et des planètes. 


TT Traduction. 
1: Texte de Thäbit b. Qurra. 


-. Si nous appliquons à ce problème ce qu'a arrêté Ptolémée dans son Livre 
sur l'apparition des étoiles fixes, nous prenons la moitié de la valeur requise 
du deuxième are, nous la multiplions par le troisième are, nous divisons ce pro- 
duit par cent quatre-vingt degrés, nous soustrayons ce quotient de la valeur 
requise du deuxième are, le résultat est ce dont a besoïn le deuxième are [pour 
que le croissant soit visible]. 

Nous appelons ce résultat “valeur requise du deuxième arc en fonction 
du troisième arc”, pour l'endroit où se trouve le croissant sur l'horizon. 


25. HL Vogt, op. cit., pp. 54-61, fait un tableau précis et complet de ses calculs sur toutes les done 
nées du deuxième livre du Phaseis. Dans le cours de son article il avait proposé une formule de caleul 
pour H°, “l'arcus visionis”" modifé, en fonction de l'longation scleilétoile, E. Nous venons de définir 
dot K', il faudrait alors remplacer E par d dans la quatrième colonne et H par h/ dans la sixième 
colonne. 

26. H. Vogt, op. cût..pe 17 
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A, B, C, sont trois étoiles de même grandeur: À et B situées sur le grand 
cercle de hauteur du soleil, en des points opposés de l'horizon, € en un point 
quelconque de cet horizon, à uné distance angulaire d du “point le plus brillant”. 

A apparaîtra lorsque le soleil sera en S,, à une distance h de l'horizon, 


B lorsqu'il sera en S;, à une distance h/2 de l'horizon, et C lorsqu'il sera en 
S:, à une distance h' = k- Ah de l'horizon, avec: 

Ah _ d «ps a 360—4 

HE = 180 soith=h. 360 


Nous retrouvons ainsi la même formule que celle qu'utilise Thäbit. 


Conclusion 


Le texte de Thäbit b. Qurra nous a permis d'identifier la source d’al-Birüni, et 
c’est sur le texte de ce dernier qu’il convient de conclure, 

Dans ce fragment du Qänûn al-mas‘ädt, le premier paragraphe pourrait ne 
pas avoir Ptolémée comme source. Le deuxième paragraphe s'appuie sur un 
raisonnement de Ptolémée qui se trouvait peut-être dans le Phaseis, mais que 
nous connaissons par ailleurs à travers l'Almageste et le Livre des Hypothèses. 
Par contre, le contenu des paragraphes trois, quatre et cinq ne se retrouve 
dans aucun des livres connus de Ptolémée, alors qu’al-Birüni dit explicitement 
que cet auteur en est la source. L'analyse précédente montre que nous avons 
là une partie du premier livre, perdu en grec, du Phaseis, 

Revenons rapidement sur les deux résultats que nous y trouvons enregis- 
trés: 12° et 15° comme valeurs des “arcus visionis” des étoiles de première 
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livre du Phaseis.%! Nous avons ainsi, dès le début de ce paragraphe, une trace 
du premier livre perdu, juste avant le mention de son titre. Ces deux valeurs 
sont admises par al-Birüni dans la suite du chapitre correspondant, et par un 
certain nombre d’autres auteurs arabes.? 

L'allusion aux astres plus faibles, dont on ne peut estimer l'apparition 
qu'en rapport avec celles des étoiles brillantes qui leur sont proches, se re- 
trouve dans l'introduction au second livre du Phaseis,? avec la mention de 
cinq étoiles faibles dont les trois qui sont mentionnées ici. Dans cette intro 
duction au second livre nous retrouvons exactement le même thème qu' 
Ptolémée s’exeuse de ne pas avoir noté, dans ses listes d’apparitions, ces étoiles 
plus faibles qu’avaient notées les anciens, car ceux-ci l'avaient fait par estima- 
tion seulement, non par observation directe; Ptolémée déclare se limiter aux 
observations des étoiles de première et deuxième grandeurs. 


Paragraphe 4. 

La diminution de la moitié de la valeur de l’arc de dépression du soleil, 
lorsque l'étoile passe du “point le plus brillant de l'horizon” au point qui 1h 
est opposé sur la sphère céleste, est signalée sans commentaire dans le 
des Hypothèses.% Ici, la mention de cette diminution n’est pas donnée Énêlee 
ment comme le résultat brut d'une observation, mais comme la source d’un 
principe de base à étendre à toutes les étoiles qui se trouvent situées en un 
point quelconque de l'horizon, ce qui prépare directement le formule du para- 
graphe suivant. 


Paragraphe 5. 

La formule de modification de l'arcus visionis", pour une étoile en un point 
quelconque de l'horizon, est constituée d’une égalité très simple entre deux 
rapports: la valeur de “l’arcus visionis” passe de À à /2 lorsque la distance 
d entre l'étoile et le “point le plus brillant de l'horizon”? passe de 0 à 1806, et 
la diminution de k pour l'étoile en un point quelconque est considérée comme 
linéaire. 

Faisons la figure dans la situation que donne Ptolémée, lorsque le soleil 
se lève ou se couche, les deux cas étant équivalents. 


21. CH. Vogt, Der Kalender des Claudius Piolemäus (Heidelberg: S. B. der Heidel, Akad. der 
Wissenschaften, Abh, 15, 1920), Les résultats des calcule ainsi effectués, p. 16, donnent pour les valeurs 
maxima ‘*d'arcus visionis” des étoiles de première et deuxième grandeur, respectivemient, 12:24 #1 
15:12. Seules les valeurs maxima sont à retenir, étant donné les éléments nouveaux présentés 

22, CE. la note à ci-dessus. 

23. Cf, l'édition de J, L. Heiberg, op. eit., p. 12-13. 

24, Cf, Goldstein, op. eit.,texte arabe p. 34, L. 14-17, et, en p. 9, une traduction anglaise légèrement 
incorrecte, car il s'agit dané le texte de tous les astres qui peuvent être en opposition avec le soleil, 
et non des planètes supérieures seulement. Cette différence entre les deux textes pourrait être un ar. 
gument pour l'antériorité du Livre des Hypothèses sur le Phaseis. 
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L'observation à travers un tube et son influence sur le regard étaient 
connues dans le monde grec: nous trouvons chez Aristote des principes géné- 
raux très semblables à ceux que reprend ici al-Bi-ün: “La personne qui abrite 
ses yeux avec la main, ou qui regarde par un tube, ne distinguera ni mieux 
ni moins bien les nuances des couleurs, mais elle verra plus loin. En tout cas, 
du fond d'un trou ou d'un puits, il arrive qu’on aperçoive des étoiles." 

Les astronomes arabes ont appliqué ce principe aux observations astrono- 
miques. Ptolémée l'avait-il fait avant eux? Il serait tentant d'en voir une 
trace dans le texte présenté ici, mais rien ne nous permet de le conclure de 
façon suffisamment sûre, à partir des seuls éléments que nous possédons 
pour le moment. 

La reprise par al-Birüni du raisonnement de Ptolémée ne commencerait 
alors qu'au paragraphe suivant avec la mention de son nom. 


Paragraphe 2. 


Al-Birünÿ s'appuie sur l'autorité de Ptolémée pour justifier son choix de l'arc 
de dépression du soleil sous l'horizon, et donner ainsi un “areus visionis" qui 
puisse être une constante liée à la luminosité de chaque astre, indépendante 
des coordonnées de lieu d'observation, de la place du soleil sur l’écliptique et 
des conditions d’observation: la valeur de l'arc de dépression peut être consi+ 
dérée comme un critère universel pour un astre de grandeur connue. 

Nous trouvons ce raisonnement dans l’Almageste et dans le Livre des Hypo+ 
thèses;"" il se trouvait aussi probablement dans le premier livre du Phaseis, 
mais nous n'avons là aucun élément nouveau par rapport À ce que nous pouvons 
connaître par ailleurs. 


Paragraphe 3. 

Nous avons ici la mention de la valeur de “l’arcus visionis”” pour les étoiles 
de première et de deuxième grandeur: respectivement 12° et 15°. Ces deux 
chiffres ne sont ni ceux de l'Almageste ni ceux du Livre des Hypothèses, mais 
ils peuvent être retrouvés par un calcul à partir des données chiffrées du second 


18, Aristote, De Ganer. An., V, 1, 780b, (cité par R. Eisler, op. cit, p: 324, note 12); la traduction 
française donnée ici est celle de P. Louis(Paris: Budé, 1961),p. 183. 

19, Dans l'Almageste, livre VII, chapitre 6, ex livre XIII, chapitre 7. Traduction française: Halma, 
Composition mathématique de Claude Piolémée, (Parie, 1813-1816: réimp. Paris: Hermann, 1921), 
‘vol. 2, pp. 108-113 et 416-422. 

Dans le Livre des Hypothèses, ef. B. R. Coldetein, +‘The Arabic Version of Ptolemy's Planetary 
Hypotheses®*, Transactions ef the Americon Philesophical Socieiy, N. S., 57, 4, (1967); texte arabe 
p.34, L 8-10, traduction anglaise p. 9. 

20. Dans l'Almageste, Ptolémée donne des valeurs ‘*d'areus visionis®® pour les planètes sevlement: 
en VI, 6, il ne donne, pour les étoiles fixes, que les principes généraux du calcul. Dans le Livro des 
Hypothèses, (op. cit. texte arabe p. 34, L 11 et trad. anglaise p. 9), Ptolémée donne Ja valeur (approxima, 
tive) de 159 pour +l’areus visionis"” des étoiles de première grandeur, et ne fait aucune mention de celles 


de deuxième grandeur. 
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(hagq) du deuxième are”. Lorsque d n’est pas nul, il cherche quelle est la diminue 
tion 4h de cette valeur absolue, étant donné l'éloignement du croissant du 
“point Le plus brillant de l'horizon”, et il calcule h' = h— 4h. 


» d horizon ouest 


(o] 
4 


Il applique alors la fo.mule de Ptolémée: 


La 
= soith—h Rd 


Il apple h' “la valeur requise (hagg) du deuxième arc en fonction du troi- 
sième arc”, 


2- Texte d'al-Birüni. 


Le texte est divisé ;pour des raisons de commodité, en cinq grands pare 
graphes correspondants à des unités de sens. 


Paragraphe 1. 


Nous y trouvons un ensemble de principes très généraux. La plus grande 
partie de ce paragraphe est orientée vers la mention de l'observation des astres 
à travers des tubes destinés à éliminer la lumière parasite. Ce procédé avait 
été utilisé par al-Battäni, et repris par al-Birüni lui-même, pour la recherche 
sur l’horizon du premier croissant lunaire. lé 

Nous n'avons retrouvé, actuellement, aucune mention chez Ptolémée de 
la description ou de l’utilisation de tubes pour les observations astronomiques 
en tant que telles: ni dans ses oeuvres d'astronomie, ni dans son Optique. 


15. La question des tubes d'observation a été étudiée par R. Eialer, “The Polar Sightiug Tubes, 
‘Archives Internationales d'Histoire des Sciences, XXVIIT, 6, (1949), 812-332: leur utilisation dane le 
monde grec est possible, sans être certaine, par contre la tradition chinoise connaissait ce mode d'ob- 
aervation dépuis longtemps déjà (l'auteur se réfère là aux travaux de Necdham). 

16. C£. Al-Battäni, Opus astronomieum (al-zfj al-yébr), édition, traduction latine et commentaire 
par CA. Nallino, 3 vol. (Milan: Hoepli, 1899-1907), vol. 3 p. 137-138) (texte arabe), vol. 1, p. 91 (tra 
duétion) et p. 272 (commentaire). Al-Birünÿ décrit le tube de façon précise dans le ann. op. cit., pp 
962-965, où le tube est appelé, comme ici, berbakh alors qu'al-Battänntilise le terme unbab. 

17. G£. A. Le jeune, Euclide et Ptolémée, deux stodes de l'optique géométrique grecque, (Louvi 
Bibliothèque de l'Université, 1948), et, du même auteur: L'optique de Claude Piolémée, (Lou 
Publications Universitaires, 1956). 
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est: Phaseis aplann usteron kaï sunag5g® episemasion. Chez Ptolémée, au 
premier sens, le mot phasis signifie “apparition d'une étoile qui se lève”; 
ce mot grec peut alors être traduit aussi bien par zuhür que par malli®, 
Aplanün asteran se traduit par al-kawäkib al-thäbita; sunagüge signifie “collec- 
tion’; episëmasiai se traduit exactement par l'arabe amd"? Le titre du 
livre tel que le donne al-Birünt est alors une traduction presque littérale du 
titre grec, et celui que donne Thäbit, bien que légèrement tronqué, est prati. 
quement identique. 

La formule présentée par al-Birüni et le développement qui la prépare 
sont donc également tirés du Phaseis. Dans la mesure où l’on ne retrouve pas 
ces différents éléments dans le deuxième livre de cet ouvrage, nous pouvons 
dire que la partie étudiée ici de ce chapitre du Qénän nous offre un fragment 
non négligeable du premier livre, perdu en grec, du Phaseis. 

Le texte de Thäbit est encore inédit, nous le donnons tel qu'il a été préparé 
pour l'édition, à partir du manuserit unique de la British Library, daté de 
639/1241-1242. 

Le texte d’al-Birüni a été imprimé à Hyderabad, mais cette édition demande 
à être corrigée; les corrections proposées sont faites à partir de la lecture de 
deux manuscrits du Qänûn al-masüdi: Londres, B.L.1197, f. 205 v.,1. 25-206v., 
L.2et Paris, B.N. ar. 6840, ff. 160 v., L. 9- 161 r., L. 4.14 

Ces deux textes sont donnés dans la partie arabe tels qu'ils ont été traduits, 


IT Contenu de ces deux textes. 
1- Texte de Thäbit. 


Pour comprendre le fragment ci-dessous, il faut le replacer dans son contexte: 
pour poser le problème de la première visibilité du croissant lunaire, Thäbit 
avait défini trois arcs: le “premier are”, distance angulaire lune-soleil, déter- 
mine la portion éclairée du croissant lunaire, donc la luminosité de co croissant ; 
le “deuxième arc" est l’are de dépression du soleil sous l'horizon, le croissant 
sera visible si ce deuxième arc est au moins égal à “l’arcus visionis” du erois- 
sant; le “troisième arc” est la distance, prise sur l'horizon, entre le lune à son 
coucher et le “point le plus brillant de l'horizon”, pied de la perpendiculaire 
abaissée du soleil dur l'horizon. 

Appelons d le “troisième arc” et k “l'areus visionis” du croissant lunaire, 
valeur minimum du “deuxième are”. Pour d — 0, la lune se couche à la ver- 
ticale du soleil, et Thäbit détermine dans ce cas la valeur absolue de À pour 
une luminosité donnée du croissant, il appelle cette valeur: “valeur requise 


12, Dans un sens plus large, au pluriel, le mot phaseis inclut atssi le sens de krupsis, la disparition 
de l'étoile qui se couche. 

13. Pour l'équivalenee entre ces deux termes, voir la note de Sachau, op. cit., p. 428, 

14. Ces deux maunserits sont parmi les meilleurs de la tradition manuscrite du Qanän al-mastudi: 
celui de Londres est daté de 570/1174-1175, et celui de Paris de Ramadan 501/Mai 1108, 


TE 
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d'identifier de façon sûre un fragment du premier livre perdu du Phaseis. 
Nous y trouvons en particulier deux éléments souvent repris par les auteurs 
arabes dans leurs études sur les levers et couchers héliaques des étoiles fix. 
et des planètes:# d'une part 12° et 15° comme valeurs des “arcus visionis 
pour les étoiles de première et de deuxième grandeur, et d'autre part une for- 
mule de modification de “l'areus visionis” d’une étoile en fonction de sa place 
sur l'horizon au moment de son coucher. 

Aprés une présentation de ces deux textes, nous en analyserons rapidement 
le contenu avant d'en proposer une traduction. 


T Prés entation des textes. 


Thäbit b. Qurra cite une formule de “Ptolémée dans son livre sur l'apparition 
des étoiles fixes” (Bailamiyüs fi Kitbihi fi zuhär al-kawakib al-thäbita) et il 
l'applique à la modification de “l'arcus visionis” du croissant lunaire en fonc- 
tion de son éloignement du “point le plus brillant de l'horizon”. 

Al-Birüni, dans son chapitre sur ‘Le lever et le coucher héliaques des étoiles 
fixes” (fi tashrig al-kawäkib wa-taghribiha )° consacre la première partie de 
son développement aux bases théoriques de l'étude de ce phénomène et la 
seconde partie à un ensemble de démonstrations géométriques. Seule la pre- 
mière partie nous intéresse ici, Nous y trouvons une citation de “Ptolémée 
dans son Livre sur le lever des étoiles fixes et les an104” (Batlamiyüs ftkitäbihi fi 
matäli al-kawäkib al-thäbita wa’lanwa’), puis, sur deux pages environ, un 
développement qui est relativement indépendant du paragraphe précédent 
et qui prépare une formule de modification de la valeur de “l 
des étoiles fixes en fonction de leur éloignement du “point le plus brillant 
de l'horizon”, juste après le coucher du soleil. Al-Birüni dit explicitement que 
ce dernier développement vient de Ptolémée mais ne précise pas de quel livre 
il s'agit; or la formule qu'il donne est celle-là même qu'utilise Thäbit. Compa- 
rons alors les titres que citent ces deux auteurs avec le titre complet du livré 
de Ptolémée, tel que nous le trouvons dans l'édition grecque de Heiberg,!! qui 


paraîtra prochainement dans l'ensemble des oeuvres scientifiques de cet auteur, sous la direction de 
remercie ioi pour son amical soutien. 
 Quera, ef. Dictionary of Scientifie Biography, (New York: Scribner, 1970-1918), 
XUI, pp. 288-295. 

7, Imprimé en 3 volumes à Hyderabad: Dä*iratu-l-ma*ärif-il-Osmänia, 1954-1956. 

3. E, S. Kennedy m'a signalé, entre antres, le texte anonyme: Paris, B.N.. ar. 2523, 4. 29v-30r, 


formule finale de 
9. En voir la définition ci-dessous, dane le texte traduit, au paragraphe 2, et la note 31. 
10. Al-Birüni. op. traité IX, chapitre 7, pp. 1129-1139; la partie traduite ci-dessous se trouve 
pp. 11291132. 
11, Hs'agit à du titre le plus complet parmi ceux que l'éditeur s trouvés dans Ja tradition manus- 


rite grecque. 


Fragment arabe du premier livre du Phaseis 


de Ptolémée. 
Rec MoreLon* 


E PHASEIS DE CLAUDE PTOLEMÉE est considéré comme l’une 

de ses oeuvres mineures. Le premier livre de cet ouvrage est perdu en 
grec, mais nous possédons le texte original du second livre qui nous présente, 
après une introduction générale, une liste du lever et du coucher héliaques 
de différentes étoiles , selon le calendrier de l'année égyptienne, avec les pré- 
visions météorologiques liées à ces phénomène,! Le terme arabe ‘anto4”" 
recouvre cet ensemble de significations, c'est ce terme que nous emploierons 
sans le traduire. 

Le Phaseis avait été très tôt traduit en arabe: il est cité par Mas‘üdi dans 
son Kitäb al-tanbih wa-l-ishräf;? et dans son livre Al-äthär al-bâgiya “an al. 
qurin al-khäliya,* al-Birünt cite le Küb al-anwa’ de Sinän b, Thäbit b. Qurra, 
qui a été identifié par O, Neugebauer comme une reproduction partielle de 
deuxième livre du Phaseis.5 

Le rapprochement entre un texte de Thäbit b. Qurra sur la visibilité du 
croissantf et un passage du Qänûn al-mas‘üdi d’al- Birünÿ nous permet 


* 20 Rue des Tanneries, 15013, PARIS. Je remercie les responsables de l'Institut d'Histoire des 
Sciences Arabes, Université d'Alep set ceux de l'Institut Français de Dans pour toutes les faci 
rdées lors de mon année de recherches à Alep. En particulier, je suis très reconnai 
. 8. Kennedy pour l'aide qu'il m'a apportée et pour toute la documentation personnelle 
qu'il a eu la gentillesse de mettre à ma disposition. 

Claudii Ptolemaei, Opera quae estant omnia, vol. LI, Opera astronomiea minera, éd. J. L. Heiberg, 
Teubuer, 1907), pp. 1-67. 

2. Pour la signification précise de ce terme, et les travaux des astronomes arabes dans ce domaine, 
«f. G. A. Nallino, “ülm alLfalak, (Rome, 1911), pp. 117-140, (Conférences 18 et 19). 

3. Imprimé à Bagdad (1457/1938), pp. 15-16: ,... Clande Ptolémée a fait mention de cela dans 
le Tetrabiblos et dans son Livre sur les ane 


134). Al-Mas“üdi est mort sutour de 345/956. 
:, 1923). Traduction anglaise: C, E. Sachau, The Chronology of 
Ancient Nations, (London, 1879; réimp. Frankfurt: Minerva, 1969). 

5. Cf. 0. Neugebauer, An Arabie Version of Ptolemy"s Parapegma from the Phasris®® Journal of 
the American Oriental Society, 91, 4, (1971), p. 506. Pour l'analyse détaillée de ee texte, voir: J. Samsÿ 
‘Las Phaseis de Ptolemeo y el Kitäb al-amw" de Sinän b. Thäbit'”, Al-Andalus, 41 (1976), 15-48 et 
471-479. 

6. Thäbit b. Qurra, Kitdb fi hisëb ru'yat al-ahilla, Londres, British Library, 7473 ad., ff. 108r — 
Lläri le passage en question se trouve f. 11e, L. 13.17. J'ai terminé l'édition du texte complet qui 


JOURNAL for the 
HISTORY 
ARABIC SCIENCE 


à Ji # 


\ 6 
AA EAN ra 


University of Aleppo 
Institute for the History of Arabic Science 


Aleppo.Syria 


